Quadratic programming models of United States agriculture in 1980, with alternative levels of grain exports by Chen, Carl Chi-jiau
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1975
Quadratic programming models of United States
agriculture in 1980, with alternative levels of grain
exports
Carl Chi-jiau Chen
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural and Resource Economics Commons, and the Agricultural Economics
Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Chen, Carl Chi-jiau, "Quadratic programming models of United States agriculture in 1980, with alternative levels of grain exports "
(1975). Retrospective Theses and Dissertations. 5191.
https://lib.dr.iastate.edu/rtd/5191
INFORMATION TO USERS 
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity. 
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected tfiat tiie copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material, it is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a smal! overlap, if necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete. 
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced. 
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received. 
Xerox UsMversity Microfilms 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 
75-17,384 
CHEN, Carl Chi-jiau, 1935-
QUADRATIC PROGRAMMING MODELS OF UNITED STATES 
AGRICULTURE IN 1980: WITH ALTERNATIVE LEVELS 
OF GRAIN EXPORTS. 
Iowa State University, Ph.D., 1975 
Economics, agricultural 
Xerox University l^icrofiims, Ann Arbor, Michigan 48106 
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED. 
Quadratic programming models of United States agriculture 
in 1980: With alternative levels of grain exports 
by 
Carl Chi-jiau Chen 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major* Economics 
Approved» 
In Charge of Major Work 
For the Major Department 
For the Graduate College 
Iowa State University 
Ames, Iowa 
1975 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
•TABLE OF CONTENTS 
Page 
CHAPTER I. INTRODUCTION 1 
Policy Background in Agriculture 1 
Previous Studies 3 
The Present Study 6 
CHAPTER II. DESCRIPTION OF THE MODEL 9 
General Description of the Model 9 
The Mathematical Model 23 
Difference "between the Present and the 
Stoecker Model 30 
Limitations of the Model 3^  
CHAPTER III. DATA IN THE MODEL 37 
Demand Data 37 
Production Data 45 
Transportation Data 48 
Note on Computation 49 
CHAPTER IV. RESULTS AND DISCUSSION 51 
National Results 51 
Regional Results 72 
CHAPTER V. SUMMARY AND CONCLUSIONS 102 
Summary 102 
Conclusions 108 
BIBLIOGRAPHY 111 
ACKNOWLEDGMENT 117 
APPENDIX I DATA AND SUPPLEMENTARY RESULTS TO THE 1980 
COMPETITIVE EQUILIBRIUÎ.1 PROGRAMMING MODELS 118 
iii 
LIST OF FIGURES 
Page 
Figure 1. Location of consuming regions and live- 13 
stock producing regions 
Figure 2. Location of crop producing areas 14 
Figure 3« Location of irrigated crop producing regions 15 
Figure 4. Location of unused cropland in 1980 Solution I 6? 
Figure 5* Location of unused cropland in 1980 69 
Solution II 
Figure 6. Location of soybean acreage in 1980 81 
Solution I 
Figure ?• Location of soybean acreage in I98O 82 
Solution II 
Figure 8. Location of feed grain acreage in I98O 86 
Solution I 
Figure 9. Location of feed grain acreage in I98O 87 
Solution II 
Figure 10. Location of wheat acreage in I98O Solution I 93 
Figure 11. Location of wheat acreage in I98O Solution II 94 
iv 
LIST OF TABLES 
Table 1. Export levels for grain commodities, 
actual I960, 1964, 1970-72 and the 
assumed levels in I98O 
Table 2. Classification of commodities 
Table 3* Structure of the present model 
Table 4. Two assumed levels of grain exports for 
1980 by consuming regions 
Table 5* National, farm-level demand for food use in 
1980; slope coefficients showing the effect 
of a one-unit change in the farm price of the 
commodity at the head of a column on the 
demand for the commodities at the left and 
domestic intercept terms 
Table 6. Projected population and personal disposable 
income by consuming regions for I98O 
Table 7. Comparisons of computer time and number of 
iterations required to obtain optimal 
solutions 
Page 
7 
11 
32 
39 
41 
44 
50 
Table 8, Estimated equilibrium prices received by 52 
farmers, quantities demanded for domestic 
use by consumers, and export levels from 
two competitive equilibrium solutions 
Table 9-  Value of production for selected commodities 5^  
for two 1980 solutions and comparisons with 
1963-65 and 1968-70 actual value 
Table 10. Equilibrium national farm level prices, 55 
total demand, per capita consumption, and 
net exports for desired commodities in I98O 
Solution I and comparison with the Stoecker 
solution 
Table 11. Estimated prices of intermediate commodities 59 
for 1980 
Table 12, The net change and percentage change in 61 
prices, per capita consumption, and value 
of production for selected commodities from 
Solution I to Solution II 
V 
Table 13. 
Table 14. 
Table 15. 
Table l6. 
Table 1?. 
Table 18. 
Table 19. 
Table 20. 
Table 21, 
Table 22. 
Table 23. 
Table 24. 
Table 25. 
Page 
Estimated net commercial exports of beef 62 
and pork in I98O by consuming regions with 
national level comparisons for 1963-65 and 
1968-70 
Estimated production and utilization of 64 
total digestible nutrients (TDN), protein, 
harvested roughage and pasture at the 
national level 
Estimated total cropland and total cropland 65 
plus hayland utilization by consuming region 
in 1980 
Estimated total acreage and production for 70 
wheat, soybeans and feed grains at the 
national level in I98O 
Estimated costs of labor, capital, and 7I 
fertilizer required for I98O crop production 
measured in 1963-65 dollars 
Estimated costs of labor and capital required 72 
for 1980 livestock production measured in 
1963-65 dollars 
Estimated crop acreages by consuming regions 73 
in 1980 for Solution I and Solution II 
Estimated irrigated crop acreages by 75 
consuming regions in I98O for Solutions 
I and II 
Average crop yields by consuming regions in 76 
1980 for Solution I and Solution II 
Range of land rents by consuming regions 78 
Interregional shipments of intermediate 79 
commodities 
Actual 1963-65 soybean acreage, net changes 80 
in estimated I98O acreages, and the acreage 
distribution by regions 
Estimated prices of oilmeal and soybeans 84 
in 1980 for Solutions I and II by consuming 
regions, measured in I963-65 dollars 
vi 
Page 
Table 26. Actual I963-65 feed grain acreage, net changes 85 
in estimated I98O acreages, and the acreage 
distribution by regions 
Table 27. Estimated prices of feed grains in I98O for 89 
Solutions I and II by regions, measured in 
1963-65 dollars 
Table 28. Equilibrium prices of wheat in I98O for 91 
Solutions I and II by regions, measured in 
1963-65 dollars 
Table 29. Actual 1953-55, 1963-65 wheat acreages, net 92 
changes in estimated I98O acreages, and the 
acreage distribution 
Table 30, Regional production pattern of harvested 96 
roughages in I98O with actual I963-65 
acreage 
Table 31. Estimated regional livestock production 98 
patterns in I98O compared with actual I965 
livestock production 
Table 32. Estimated rents on livestock capacities 101 
in 1980 
Table 33* Rotation weights for feed grains and soy- II9 
beans 
Table 3^ . Estimated costs of wheat production activi- 121 
ties by 103 crop producing areas in I98O 
measured in 1963-65 dollars 
Table 35- Summary of equilibrium prices, production, 122 
consumption and net exports by consuming 
regions, I98O Solution I 
Table 36. Summary of equilibrium prices, production, 129 
consumption and net exports by consuming 
region, I98O Solution II 
Table 37» Land rents by areas, measured in I963-65 I36 
dollars 
1 
CHAPTER I. INTRODUCTION 
Policy Background in Agriculture 
At least three major circumstances of recent origin com­
pound the uncertainties of future agriculture. These are the 
energy crisis, dollar devaluation, and the Soviet Union's 
massive grain purchase. Although both the U.S. and the Soviet 
Union announced record total grain harvest in the fall of 
1972, the unusual international grain trade of the future 
appears no less certain than in 1973» Still, effects of the 
energy shortage on world economic growth could greatly alter 
world farm commodity trade. Its impact on fertilizer supplies 
and fuels could appreciably change production patterns in the 
future. While dollar devaluation has strengthened the foreign 
demand for U.S. farm goods, and as affluence has grown in the 
developed nations, people have demanded diets with more pro­
tein. The result has been long-term world growth in feed 
grain and oilmeal demand, and an acceleration of inter­
national trade in these commodities. 
Over most of the last 40 years, the U.S. has used land 
retirement programs to reduce supply and bolster farm prices 
and income. Cropland retired reached 64.7 million acres in 
1962 and averaged 56.6 million acres over the period I96I-7O 
(4-8). The annual program costs measured by the direct pay­
ments to farmers was $2.3 billion in 1970 (49). Yet, the 
U.S. supplied a staggering $21.0 billion worth of food to 
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developing countries under Public Law 480 over the years 1965-
1971 (^ 3, 4?, 49). But, since 1973-74, the program has been 
allowed to wither and, with food demand rising around the 
world, the U.S. now views agricultural products not as give­
away items but as a way of earning the foreign exchange needed 
to pay for imports, including high-priced crude oil. "Food 
for crude" therefore seems the short-hand for the current 
policy at the Department of Agriculture. Prospects for U.S. 
agriculture in the years ahead are particularly interesting 
after the recent turn-about in the agricultural policy toward 
expansion following 40 years of support and controls. 
With the U.S. domestic market now interfacing directly 
with international markets, basic questions arise with respect 
to the future capacity and structure of U.S. agriculture; 
What amount of retired cropland will be necessary to be put 
back into production under alternative levels of grain ex­
ports, and to what extent will food prices be affected by 
these grain exports in 1980? What farm employment and capital 
investment are in prospect? Can world food demand absorb the 
U.S. re serve capacity? 
This study has been made to provide answers to these and 
related questions. It evaluates the nation's food supply 
potentials and its needs for land, labor and capital required 
to meet the demand for food and feed grains both at home and 
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abroad under projected levels of population, personal dis­
posable income, technology, and agricultural exports in the 
year I98O. In light of the above policy background, no food 
aid and no government control program are assumed in the 
present study. 
Previous Studies 
Over the years a substantial research effort has been 
directed toward agricultural adjustment studies. The mathe­
matical programming models, stemming from the broader body of 
activity analysis, linear economic models, and mathematical 
programming as established by Koopmans (22), Gale (12), 
Dorfman, Samuelson and Solow (7). and others, have been used 
and extended in the form of multi-sectoral and multi-regional 
production-transportation setups for these studies. The de­
velopment of large capacity computers, together with the 
mathematical programming models, have made the empirical 
studies possible. 
The outstanding examples of these research efforts were 
the first of a series of the linear programming models com­
pleted in cooperation with Heady by Egbert (9). Brokken (3), 
Heady and Mayer (17), and Eyvindson (11). In general the 
linear programming models of interregional competition deter­
mine optimal regional patterns of production, resource use, 
and transportation flows which minimize the total cost of 
the industry to meet the predetermined discrete level of 
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demand for final or desired commodities. However, this class 
of models requires a priori knowledge of prices and quantities 
from outside the models. But, when the regional demands for 
desired commodities are represented by price dependent linear 
functions, the concept of maximizing net profit or net con­
sumers' surplus can be employed to deduce the price conditions 
of spatial equilibrium. More general interregional competi­
tion models than the linear programming models can be formu­
lated as the familiar class of quadratic programming models. 
This special class of nonlinear models determines endogenously 
a set of equilibrium prices and a set of equilibrium quanti­
ties supplied and demanded, in addition to optimal regional 
patterns of production, resource use, and transportation flows. 
Studies, involving quadratic programming models, which 
are important as antecedents to the present study are the 
second of the series done in cooperation with Heady by 
Plessner (25), Hall et al. (14), and Stoecker (30). These 
studies are based on models incorporating the concept of 
maximizing net profit. Alternatively, Takayaraa and Judge 
(33) formulated a similar model based on the concept of 
maximizing net consumers' surplus. Theoretically, Plessner 
and Heady (26), and Taksyama and Judge have demonstrated that 
solutions from carefully constructed quadratic programming 
models are consistent with prices and quantities associated 
with a competitive equilibrium. For empirical studies, the 
existing simplex pivoting algorithm for quadratic programs by 
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Van de Panne and Whinston (64) has been programmed by Soults 
et al. (29) at Iowa State University to solve these problems 
containing up to 3550 total constraints. 
The first application of the Plessner model (25) was 
carried out by Hall et al. (14) whose objective was to identify 
a competitive equilibrium for the major field-crop sectors 
of U.S agriculture for the year I965. This initial application 
contained demand functions for the food use of wheat, corn, 
oats and barley, and for the feed use of oilmeals and feed 
grains. The U.S. was spatially divided into 9 consuming 
regions linked by transportation. Each of the consuming 
regions was subdivided into 1^ 3 crop producing areas. 
The second application of the same basic model was again 
carried out by Hall (13) but in this phase of the study he 
expanded the model to include the livestock sector. The esti­
mated regional demand functions for cattle, calves, hogs, milk, 
and vegetable oil were added to the model. For this model, the 
U.S. was delineated into 10 U.S.D.A. consuming regions and 
103 crop producing areas. Livestock production was also de­
fined within 10 consuming regions. As a result, the produc­
tion and consumption sectors were tied more together than in 
his previous model. 
Because of cost limitations for solving programs and 
limited computer capacities, the Hall model was reformulated 
by Stoecker in a more efficient structure based on the theory 
and insights of the models proposed by Cottle and Dantzig (5). 
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and Takayama and Judge (31). The previous Hall model which 
totaled 352^  rows was reduced to 1744 rows for the same 
problem and the same solution. For further applications of 
the model, Stoecker estimated the background coefficients re­
quired to construct a programming tableau representative of 
the year I98O. The new formulation by Stoecker also added the 
production activities of hens and chickens, broiler and 
turkeys, and sheep and lambs in addition to Hall's livestock 
production activities. Stoecker also incorporated an analysis 
of irrigated crop production activities, separate from dry 
land crop production activities, in the 17 Western States in 
his model. However, the initial solution of his model for the 
competitive equilibrium for the U.S. agricultural sector in 
1980 was not realistic due to various data discrepancies. 
The Present Study 
The present study is an extension of the quadratic pro­
gramming series just described. It is directly related to the 
Stoecker study, and most of the data are borrowed from his 
study unless corrections and refinements of the data are 
needed. 
The main objective of the present study is to identify 
two partial competitive equilibriums of the U.S. agricultural 
sector in I98O under two alternative levels of grain exports. 
Two levels of wheat, feed grain, and soybean exports shown in 
Table 1 are assumed for the year I98O. Level I assumes that 
7 
Table 1. Export levels for grain commodities, actual I960, 
19d4, I97O-72& and the assumed levels in I98O 
Year 
Wheat 
(mil.bu.) 
Feed grains 
(mil.ton) 
Soybeans 
(mil.bu.) 
I960 661. 5 12.7 134.7 
1964 725.0 20.0 212.2 
1970 737.5 21.8 433.8 
1971 632.5 23.2 416.8 
1972 1184.6 39.4 475.0 
1980 
Level I 1000.0 34.0 750.0 
1980 
Level II I650.0 66.0 1476.0 
S^ource (50)» 
world demand for U.S. exports of wheat and feed grains 
approximately equals 1972 level of U.S. wheat and feed grain 
exports. The 750*0 million bushels of soybean export in 
Level I is taken from the U.S.D-A. projection for I98O (54). 
Level II assumes a substantial increase over Level I. By 
assuming these two levels of grain exports as exogenous, two 
sets of equilibrium farm prices, quantities demanded by con­
sumers, optimal production patterns, optimal transportation 
flows, and net returns to scarce resources are determined by 
solving two quadratic programming problems. Since a spatial 
formulation of the problems is used, the effect of the alterna­
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tive levels of exports on regional economic well-being in­
dicated by these equilibrium values is also determined. 
The structure of the programming model used in the 
present study is adapted from the basic model developed by 
Stoecker (30). Since the focus of the present analysis 
centers on the grain exports, it is assumed that com, oats, 
and barley produced for food substitute perfectly for corn, 
oats, and barley produced as feed grains for exports or feed 
use, respectively, and vice versa. Without this particular 
assumption, there are discrepancies between the prices of 
food and feed grains in the Stoecker solution. This addi­
tional assumption creates a direct relationship between export 
demand and domestic food prices. 
In the next chapter, the model used in the present study 
is described in detail. The data and parameter changes are 
presented in Chapter III. The results of two optimal solu­
tions and effect of changes in grain exports at national as 
well as regional levels are analyzed in Chapter IV, and a 
summary of the present study and the general conclusion drawn 
from this study are presented in Chapter V. 
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CHAPTER II. DESCRIPTION OF THE MODEL 
The basic model used in the quantitative analysis of the 
U.S. agricultural sector in 1980 is a quadratic programming 
model as indicated in the preceding chapter. In the sections 
that follow, the general description of the model and the 
mathematical model are presented, and the difference between 
the present model and the Stoecker model is also presented to 
clarify further the basic model. In the concluding section, 
the limitations of the model are discussed. 
General Description of the Model 
In general, the state of an economic system under condi­
tions of competition at any point in time can be formulated as 
the solution of a system of inequalities expressing the demand 
for commodities by consumers, the supply of commodities by 
producers, and the equilibrium condition that demand is less 
than or equal to supply in every market, it being assumed that 
if the supply of any commodity is overabundant, the price of 
that commodity is zero. In the past two decades, impressive 
progress has been made in the mathematical analysis of the 
above economic system incorporating mathematical programming.^  
Programming is concerned with determining feasible pro­
grams (plans, productions, allocations) that are optimal with 
F^or a complete elaboration of mathematical methods in 
the study of economic models, see Karlin (21, ch. 8). 
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respect to a defined objective. Determining an optimal pro­
gram is usually a matter of selecting from among all feasible 
programs a program that optimizes the objective function. A 
feasible program is one that satisfies certain constraints. 
When these constraints are linear inequalities and the objec­
tive function is also a linear expression, it is a linear pro­
gramming problem. When the objective function to be optimized 
and the constraints are nonlinear, it is a nonlinear program­
ming problem. A quadratic programming problem is a special 
case of nonlinear programs, in which the objective function is 
a quadratic expression and the constraints are linear. 
The basic model in this study is a quadratic programming 
model applied to the U.S. agricultural sector under a free 
market situation. The commodities included in the model are 
classified into three major groups—final or desired, inter­
mediate, and primary commodities. Specifically, they are 
listed in Table 2. Desired commodities are produced for final 
consumption. Intermediate commodities are farm outputs which 
are used as inputs in other farm activities, like feed grains 
used to feed beef cattle. Primary commodities such as all 
cropland and beef cow production capacity are not desired in 
themselves but are factors of production. The commodities 
included in the model are the major portion of the crop and 
livestock sectors of U.S. agriculture. 
The continental U.S. is partitioned into 10 spatially 
separated consuming regions or markets for desired commodities 
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Table 2. Classification of commodities 
Final or desired Intermediate Primary 
Cattle Feed grains All cropland 
Calves Oilmeals^  All hayland 
Hogs Roughage Irrigated cropland 
Fluid milk Feeder calves Irrigated hayland 
Manufactured milk^  Yearlings Wild hayland 
Wheat Cotton land 
Vegetable oil^  Pasture 
Com for food Beef cow capacity 
Oats for food Milk cow capacity 
Barley for food Fed beef capacity 
Sheep and lambs Hog capacity 
Chicken and turkeys 
Eggs 
Cotton lint 
S^oybean oilmeal and cottonseed oilmeal. 
E^vaporated and condensed milk, cheese, ice cream, and 
butter. 
S^oybean oil, cottonseed oil, and other food oils. 
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(Figure 1), and these 10 markets coincide with 10 livestock 
producing regions. These regions are further subdivided into 
103 crop producing areas (Figure 2). Ten regional irrigation 
areas (Figure 3) are also defined for the 17 Western States, 
Also a transportation system is defined to move commodities 
among regions or markets. Therefore, consumer demand for 
desired commodities and producer demand for intermediate com­
modities in each market can be satisfied by production within 
its own market, or by production in another market linked by 
this transportation system. 
Activities included in the model 
The technological aspects of production will be explained 
in terms of activity analysis as described by Koopmans (22). 
An activity is in general a specific method for performing 
an economic task. For example, a crop production activity, 
such as corn for food, requires the factors—one acre of 
cropland and the amount of labor and capital—to produce the 
maximum yield units of com for food. A livestock production 
activity such as hogs requires the factors—the amount of 
concentrate feed expressed in terms of the units of total 
digestible nutrients (TDN) and protein, the roughage, the 
pasture expressed in terms of the animal unit months (AUM), 
one hog feeding capacity, and the amount of labor and capital— 
to produce a 100 pounds liveweight hog. A transfer activity, 
such as the transfer of com to feed use, converts one bushel 
LAKL g ^  
states ' y ,^ N0R1HEA§ iCRTHERN PACIFIC 
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Figure 2. Location of crop producing areas 
Figure ]. Location of irrigated crop producing regions 
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of com into units of TDN and protein for livestock production. 
A transportation activity, such as wheat transportation, 
transports units of wheat from one to another market at a 
given cost. 
A set of possible crop and livestock production activities 
is defined for each area or each region, according to its geo­
graphical nature. Specifically, one of the following crop 
production activities was defined for the area if 1,000 acres 
or more of that crop was reported in the area in 1964; 
1. Wheat 
2. Com 
3. Oats 
4. Barley 
5. Feed grains (including corn, oats, barley, and 
grain sorghum) 
6. Feed grain - soybean rotation 
7. Feed grain - hay rotation 
8. Feed grain - silage rotation 
9. Hay - silage rotation 
The irrigated crop production activities are defined similarly. 
Livestock resources are defined as; milk cow capacity, beef 
cow capacity, beef feeding capacity, and hog feeding capacity. 
One of the following livestock production activities was de­
fined for the region if 1,000 or more of that livestock 
capacity was reported in the region historically between 
1959-1968: 
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1. Beef cow production 
2. Fluid milk production 
3. Manufactured milk production 
4. Hog production 
5. Yearling calf production 
6. Eastern deferred-fed cattle 
7. Southern deferred-fed cattle 
8. Cattle on extended silage 
9. Yearlings on silage 
10. Calves on silage 
11. Yearlings with no silage 
The following livestock activities are also defined at the 
national level; 
1= Hens and chickens 
2. Broilers and turkeys 
3. Sheep and lambs 
The regional allocations of the nationally defined activities 
are set so that each activity withdraws concentrate feed (TDN, 
protein, and roughage) from each of 10 livestock producing 
regions according to 1963-1965 distributions of that activity. 
A cotton production activity was also defined for each of 10 
consuming regions if cotton was grown in the region in 1953-
The basic assumptions, for the production activities 
defined above, which play an important role in the analysis, 
are J (1) inputs and outputs of each production activity are 
in constant proportions for all levels of production, and 
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thus a linear production economy of constant returns to scale 
is assumed; (2) within each area or each region, production is 
technologically uniform for each type of production activity; 
and (3) only a sub-sector, agriculture, of the economy is 
considered, and variable inputs (inputs produced by other 
sectors of the economy and farm labor) are assumed available 
in unlimited quantities at fixed and known prices. With 
these assumptions, production is however limited by the pri­
mary resource constraints, the acreages of land and livestock 
capacities defined above. These base acreages and livestock 
capacities are to be used as a maximum potential for 
production. 
In addition to these assumptions, com, oats, and barley 
for food produced by three independent activities are assumed 
to be perfect substitutes for com, oats, and barley for feed 
produced by the feed grain activities, respectively, and vice 
versa. Basically, it is assumed that these commodities can 
be used for human and livestock consumption. This particular 
assumption takes away the distinction between food grains and 
feed grains, and both grains can now be used to satisfy final 
as well as intermediate demand. This provides more 
flexibility for farmers, particularly for expansions of 
exports in these commodities. In order to meet this assump­
tion, three types of the following transfer activities are 
defined for com, oats, and barley in each consuming region; 
1. Transfer of food grains to feed use 
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2. Transfer of feed grains to food use 
3» Conversion of feed grains to TDN and protein 
Except for these transfer activities, other transfer ac­
tivities included are a miscellaneous group which have little 
in common except that each of these activities involves the 
transfer of resources or commodities among uses. These 
activities are also defined for each of 10 consuming regions. 
They are; 
1. Transfer of wheat to feed use 
2. Transfer of oilmeals to feed use 
3. Purchase of exogenous feed 
4. Cattle slaughter 
5. Calves slaughter 
6. Transfer of fluid milk to manufactured milk 
A set of possible transportation activities are defined 
to move the intermediate and desired commodities among the 
central cities of the markets. The following commodities can 
he transported among markets: 
1. Cattle 
2. Hogs 
3. Manufactured milk 
4. Vegetable oil 
5. Wheat 
6. Com 
7. Oats 
8. Barley 
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9. Feed grains 
10. Oilmeals 
11. Feeder calves 
12. Yearling cattle 
The transportation system is provided by a sector outside 
of agriculture, and transportation costs are known for each 
commodity and each pair of markets. 
Linear programming problems 
Considered in terms of all the possible activities de­
scribed in the previous section, the problem is a matter of 
determining and characterizing all efficient technologically 
possible production, transfer, and transportation levels. 
When a discrete level of demand for each commodity in each 
market is determined, an economic system under conditions of 
interregional competition can be formulated as the problem of 
minimizing the total cost of production and transportation 
subject to a system of linear inequalities expressing the 
predetermined demand for commodities by consumers, the supply 
of commodities by producers, and the equilibrium conditions 
that demand is equal to or less than supply of each, commodity 
in each market. The objective function and the inequality con­
straints are linear in this system. Mathematically, this 
problem belongs to the familiar class of linear programming 
problems. A nonmathematical exposition for this type of prob­
lem is very well illustrated by Dorfman (6). 
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Nonlinear programming problems 
Economists are familiar with the general theory of 
equilibrium which describes the relations between supply, 
demand and other factors in the economy. Two main components 
of the equilibrium theory are, namely, production theory and 
consumption theory. The theory of production is concerned 
with the allocation of productive factors among various tech­
nological production activities to produce final and inter­
mediate commodities. The linear programming problem as de­
scribed in the previous sections deals mainly with the produc­
tion side of the general equilibrium. The theory of consump­
tion is concerned with individual buying preferences with re­
spect to different commodity bundles when he is confronted 
with given market prices for the various commodities and given 
a limited budget. The demand function for a commodity derived 
from the theory of consumption states that the quantity de­
manded for a commodity is a function of the price of that 
commodity, prices of other commodities, and income, and has 
been established by Hicks (20) and Slutsky (28). These in­
dividual demand functions are aggregated over all individuals 
to obtain aggregate demand. Incorporating these aggregate 
demand functions into a linear programming model leads to a 
much more general formulation called nonlinear programming. 
Applying this general theory to agriculture, for which 
linear price dependent functions for commodities in each mar­
ket have been estimated, an economic system under the 
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conditions of interregional competition can be formulated as 
a problem of maximizing the aggregate net profit of the 
agricultural sector subject to a system of linear inequalities 
expressing the demand for commodities, the supply of commodi­
ties, and the equilibrium conditions that demand is equal to or 
less than supply for each commodity in each market. The set 
of linear constraints which require that the value of product 
does not exceed the cost of production plus the value of 
scarce resources used in the production are also included to 
insure that the solution will be consistent with a competitive 
equilibrium. The set of linear transportation constraints, 
which requires that the difference in the price of a commodity 
between any two markets can differ at most by the unit cost of 
transportation, is also recognized as being consistent vith 
the interregional competitive behavior in trade. For con­
venience, a more specific set of equilibrium conditions for 
the model will be described after the mathematical formulation 
of the model following this section. 
In short, the model outlined above can be visualized as 
a multi-product and multi-region competitive farm economy 
where known linear functions relate production and consumption 
to the price of each product in each region and where regions 
are separated by known transportation costs. When the objec­
tive is to maximize the net profit of the agricultural sector, 
then the problem is to find the regional prices, production, 
consumption, and transportation flows, which maximize the 
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net profit. 
The Mathematical Model 
Consistent with the assumptions of the model described in 
the previous section, the following notations will be used in 
formulating the mathematical model: 
Let h,k denote the producing area, h=l,2,,..,H, and consuming 
regions or markets, k=l,2,...,K, 
d,i,j,s are used as subscripts attached to other notations 
and denote classifications of commodity space; d=l,2, 
...,K for desired commodities; i=l,2,...,M for inter­
mediate commodities; j=l,2,...,N for primary commodi­
ties; s=l,2 S for the substitutable commodities 
between intermediate and desired commodities. S is 
a subset of L. 
ic ic k ïilc p , w , Pg, u denote vectors of desired, intermediate, 
substitutable, and primary commodity prices in region 
k or area h. 
hk X is a vector of production activities in area h for crop 
production and in region k for livestock production. 
ic ic ic 
z^, Z2' denote three types of transfer activities for 
substitutable commodities. 
kk' kk' kk' Q-d ' » q.g denote vectors of interregional shipment 
levels of desired, intermediate, and substitutable 
commodities from k to k*, k / k*. 
D is a matrix of demand slope coefficients with the 
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le 
vector of constant terms d . Its dimension is L x L. 
is negative semidefinite but not necessarily 
symmetric. 
ic tc 
e , Bg are vectors of exogenous demands for intermediate 
and substitutable commodities, respectively. 
hîc 
r is a vector of primary resources in area h or 
region k. 
hk A is a matrix of technical coefficients, relating to 
conversion of primary resources and other inputs into 
intermediate and desired commodities through produc­
tion or transfer activities x and z in area h or 
region k. 
hlc 
c denote a vector of the unit activity costs for L or 
M commodities produced by x in area h or region k. 
îcîc * ic(c * iclc * 
, Ti , Tg are transportation matrices associated 
with respective transportation cost vectors, t^, t^, 
For simplicity, ignoring area and regional subscripts, 
the mathematical model is expressed as: 
Maximize f(p,w,pg,u,x,22_.z2.z^,q^,q^,qg) (2.1) 
= p'(d + Dp) + w'e + p^eg - u'r - x'c - q^t^ - qjt^ - q^t^ 
subject to 
d + D - A^x + - Z2 - 0 (2.2) 
e - A^x - - Tîq^ < 0 (2.3) 
®s -AgX - 7^1 + Z2 - Z3 - ^ s°-s - ° (2-4) 
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- r + A^x < 0 (2.5) 
J -
- C + AVp + AÎW + A'p - A'.u <0 (2.6) 
Q X o o J ~~ 
- + Pg =0 (2.7) 
A'w - p <0 (2.8) 
c s •— 
- ta + TjP <0 (2.9) 
- t. • + T.w < 0 (2.10) 
p. W, Pg, u, X, ^2, Zj, q^, q^, qg > 0 (2.12) 
Mathematically, the model formulated is a typical quad­
ratic programming problem: the objective function (2.1) is the 
sum of a linear and a quadratic terms which is concave, since 
the matrix D is negative semidefinite; the linear constraint 
set(2.2) to (2.11) is convex resulting from the intersection of 
a set of half-space. If the constraint set is not empty, 
there exists an optimal solution to the objective function 
which is also a global maximum as demonstrated by Boot (1). 
Moreover, if regional matrices and vectors in the model are 
adjoined appropriately, (2.2) to(2.11) can be rewritten as 
Table 3 which is a quadratic programming input tableau. The 
self-dual property (1) can be seen from this tableau, since 
the coefficient matrix of the model is skew-symmetric, except 
for the submatrix D. The existing algorithm to solve this 
problem is available under user package name called ZORILLA 
(29). 
The objective function (2.1) is an aggregate net profit 
function for all producers in the agricultural sector. It 
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consists of total revenue from desired (p^(d + Dp)) and 
intermediate (w'e + p/e^) commodities minus rent (u'r), 
production costs (x*c) and transportation costs. Constraint 
(2.2)states that demand for desired commodities be less than or 
equal to supply of desired commodities. Constraints (2,3) and 
(2.^)indicate that demand for intermediate commodities be less 
than or equal to supply of intermediate commodities. Con­
straint (2.3) denotes that demand for intermediate commodities 
(e contains TDN and protein units from feed grains, oilmeals, 
and others) be less than or equal to supply of intermediate 
commodities (A^x and T^q^) including desired and intermediate 
commodities used for feed, A z?, where A is a conversion O y c 
matrix which converts feed grains and oilmeals into TDN and 
protein units. Constraint (2,^) denote s that demand for the 
substitutable intermediate commodities (e^ and Zg) be less 
than or equal to supply of these commodities (A^x, z^, and 
z^). Constraint (2.5) indicates that demand for primary re­
sources be less than or equal to supply of primary resources. 
Constraints(2.6)can be rewritten as: 
- c + A^p + A|w - AjU < 0 (2.6a) 
- Cg + A^Pg - A\u < 0 (2.6b) 
where the marginal cost and revenue relations for desired, 
intermediate, and substitutable commodities are established 
for producers, namely, that marginal revenue of the product be 
less than or equal to the marginal costs plus rent. Equality 
constraints(2.7)are required due to the assumption of perfect 
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substitution between a subset of desired commodities and a 
subset of intermediate commodities, and hence the prices (p^ 
and Pg) which result from interactions between these markets 
should be equal. Specifically, the subset of desired commodi­
ties includes com, oats, and barley for food while the sub­
set of intermediate commodities includes com, oats, and 
barley for feed. The inequality constraints in (2.8) do not 
insure equality between the internal prices (A^w) and final 
prices (Pg)- The vector includes the shadow prices for the 
intermediate commodities in the optimal solution. The shadow 
price for a commodity is equal to the amount by which total 
cost (as expressed in the objective function) would be increased 
if the available supply of that commodity were reduced by one 
unit. Thus, the shadow price of a commodity will be zero un­
less the entire supply of that commodity is required for the 
production pattern specified in the optimal solution. Con­
straint (2. 8) obviously becomes part of the structural limita­
tions of the model, which will be discussed in detail in the 
latter section. Constraints(2.9) to (2.ll) are stated differently 
from Samuelson's (27) requirements for trade equilibrium 
conditions, but they are the same if (2 = 9) to (2,ll) are rewritten 
as: 
- P^' < (2.9a) 
- w~* < tp* (2.10a) 
Ps - Ps' Ï (2.11a) 
for all k / k'. The constraints state that the differences 
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in prices, p, w, and p^, between two regions, k / k', can 
kk * differ at most by the unit cost of transportations, t^ , 
W • VTr • 
t^ , and tg , respectively. 
The optimal solution to f determines: (a) a set of 
equilibrium prices, p*, p|, w*; (b) the associated demand 
quantities, d + Dp*; (c) a set of rental prices for primary 
resources, u*; (d) the distribution of production among pro­
ducing areas or regions, x*; (e) the equilibrium levels of 
transfer and transportation flows, z£, Zg, z|, q^, q*, and q|; 
(f) the quantity and location of unused land and unused 
livestock capacities. 
The optimal solution to the model, if it exists, repre­
sents a competitive equilibrium. This has been demonstrated 
by Plessner and Heady (26). Under the conditions(2.2) through 
(2.11) prices are such that profits on all production activi­
ties in the final solution are zero, and no activity may per­
mit a positive profit; profits on all interregional commodity 
shipments are also zero ; rental prices on land or livestock 
capacity exceed zero if these primary resources are not idled. 
These characteristics do simulate the profit maximization for 
a representative firm. Further, the presence of the concept of 
maximizing aggregate net profit in (2.1) represents a centralized 
decision-making process. Thus, the solution to the model 
leads to a competitive equilibrium. Applying this type of 
model to agriculture, the model becomes a partial equilibrium 
analysis and short-run in nature, because it considers only a 
30 
subsector of the economy and some of the variables in the model 
are fixed or determined outside the model. 
Difference between the Present and the Stoecker Model 
The structure of the model presented in the previous 
section is, with a few minor exceptions, identical to the 
model developed by Stoecker (30)» The main difference is in 
the assumption of perfect substitution between a set of de­
sired and intermediate commodities included in the present 
model. 
In the Stoecker model, corn, oats, and barley for food use 
were classified as the desired commodities for final consump­
tion, while feed grains including corn, oats, barley and grain 
sorghum were classified as the intermediate commodities for 
feed use or exports. Consequently, corn for food and corn 
for feed, for example, were then two different commodities 
having separate markets. These two commodities demanded were 
two distinctly different products associated with two differ­
ent prices when the model was solved. The discrepancy be­
tween these prices should then reflect quality differences, 
additional processing requirements, etc. However, the input-
output coefficients and cost structure between these two 
commodities were identical. This implies that the corn 
markets were not cleared in the Stoecker model if these two 
commodities could be used for food as well as for feed. More­
over, it also implies that increases in feed grain exports 
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would not have a direct impact on food grain prices. 
The present model assumes that com, oats and "barley for 
food are identical to corn, oats and barley for feed, respec­
tively. By looking at the structure of the present model in 
Table 3, these food and feed grain production activities are 
contained in the x activities, with the yield coefficients 
contained in and A^. The transfer activities, 
Zj, are constructed to allow the interactions between the 
food grain and feed grain markets, transfers food grains 
to feed grain markets, Zg transfers feed grains to food grain 
markets, and finally converts feed grains into the units of 
TDN and protein by a conversion matrix, A^, for livestock pro­
duction. It should be noted that I is not a square identity 
matrix but is a matrix of coefficients transferring units of 
grains from one market to another. The accounting rows, e 
and e^, are grains in units of TDN and protein and in units 
of bushel or ton, respectively. The equilibrium conditions 
(2.7) insure that the prices for these commodities be equal, 
pd = ps-
From the mathematical model in the previous section, it 
is easy to see that when the transfer activities, z-^, Zg. and 
Zj, variables in (2.4), (2.7), and (2.8), are eliminated, the 
present model reduces to the basic Stoecker model. 
One of the advantages of the present structure is that 
all the com, oats, and barley markets are cleared by con­
straints (2.7)• This modification has obviously made the 
Table 3. Structure of the present model 
Primal variables 
RHS 
Final 
Inter­
mediate 
Substi-
tutable Primary Langranftian variables 
commodity commodity commodity commodity Production Transfer 
prices prices prices prices activities activities 
w u 
Transportation 
activities 
-d > 
o — 
- e 
D -A, 
-a, 
-I 
-A -T. 
% ^ 
r > 
c > d^ 4 A' s -'j 
-A -I -T 
0 > 
0 > 
0 > 
«:d^  
«=s > 
-I 
I 
A' 
c 
I 
•I 
'I 
T' 
s 
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grain markets competitive. In addition, the effect of an 
increase in export of feed grains by e^ will be equivalent 
to shifting the intercepts of the related demand functions to 
d- + e;. 
The inclusion of the accounting rows, e^, in the present 
model also eliminates other difficulties that could arise in 
the Stoecker model as pointed out by Hall (13, P- 81). To 
illustrate the difficulty in the absence of e^, consider the 
known exogenous exports of feed grains and oilmeals. Recall 
that e contain TDN and protein supplies contributed by both 
feed grains and oilmeals. The equivalent amount of feed 
grains and oilmeals in terms of TDN and protein units, e', 
was drawn, in fixed proportions, from e for export. But, 
there was no guarantee that feed grains would not be shipped 
as oilmeals for export, and vice versa. In the present model, 
this difficulty is resolved by adding e^ rows in terms of 
bushels of feed grains and tons of oilmeals. The export de­
mand could then directly draw from e^ without introducing any 
distortion between feed grain and oilmeal shipments. Similarly, 
there could have been the same shipment difficulty among feed 
grains. Without redefining each feed grain transportation ac­
tivity into four activities, one for each of the four feed 
grain components, such difficulty cannot be solved. 
Moreover, constraints (2.8) are the conversion equations 
required to convert, for example, a bushel of com into TDN 
and protein units contained in a bushel of corn. They are not 
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equality equations. Such inequality rows cannot be arbi­
trarily reformulated as equality rows without causing diffi­
culties. The limitations of the model are because of diffi­
culties as pointed out above, and in the next section these 
limitations will be discussed further. 
Limitations of the Model 
The model described in this chapter is not, of course, 
intended to copy the real agricultural sector of the U.S. 
Rather it shows how given resources can be better allocated 
to achieve the stated objectives at a particular instance. 
Thus, the limitations of the model are inevitable. The 
limitations, which are common to all models of this type, or 
perhaps all large-scale economic models, arise because the 
necessary assumptions in the model do not completely conform 
to reality. These general limitations are due to the assump­
tion of (a) a partial equilibrium, (b) the spatial delinea­
tions, (c) constant returns to scale and infinite commodity 
divisibility in production, (d) homogeneous technology in 
production and homogeneous resources, (e) linear demand func­
tions for desired commodities. A more extensive list of 
limitations and discussions can be found in Eyvindson and Hall 
studies (11, 13). 
The limitations, which are specific to the particular 
model used in this study, are related to the limitation from 
the inequality constraints (2.8) as pointed out in the 
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previous section. These specific limitations will be dis­
cussed in detail in this section. 
As noted, two sets of accounting rows, e^ for feed grains 
and oilmeals ana e for TDN and protein, were defined. The 
transfer activities, z^, would convert feed grains and oil-
meals into their nutrient components, TDN and protein. These 
nutrients are supplied by the intermediate commodities feed 
grains and oilmeals, which are produced by the joint produc­
tion activities only. Feed inputs for livestock production 
are expressed in terms of TDN and protein. Input requirements 
for livestock activities will draw TDN and protein, in fixed 
proportions, from e rows. Transportation activities are pro­
vided in the model to transport feed grains and oilmeals to 
each region. 
Problems with this procedure can arise as follows: 
Suppose that 1000 units of TDN concentrate are initially trans­
ferred to the feed supply of region k and that this feed con­
tains 150 units of protein. Next, suppose that a certain type 
of livestock are produced in region k and that the feed re­
quirements of these livestock are 1000 TDN units and 125 pro­
tein units, a fixed proportion. Now the model allows the 25 
units of protein included in the concentrate feed, but not re­
quired for the production of livestock, to remain in the pro­
tein supply. 
Suppose that there is still excess demand for livestock. 
A joint production activity is then necessary to produce an 
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excess of some commodity in order to satisfy the demand for 
the jointly produced commodity in the form of TDN and pro­
tein. This procedure is repeated until the excess demand for 
livestock is zero, but there is no guarantee that either TDN 
or protein will not remain as pure surplus products at the 
end of the procedure. If such surplus exists, the imputed 
price of TDN or protein will be zero. The resulting prices 
of feed grains and oilmeals calculated by their components of 
TDN and protein would be distorted. Usually this problem 
cannot be recognized until the final solution is obtained, 
and it should be considered in evaluating the results. 
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CHAPTER III. DATA IN THE MODEL 
The principal emphasis in this study as noted in Chapter 
I is on model application rather than on the generation and 
projection of new data. The existing data for the model pro­
jected for 1980 by Stoecker (30) are readily available al­
though at least some modifications are necessary due to the 
change made in the structure of the Stoecker model mentioned 
earlier. The main purpose of this chapter is to describe 
and to discuss data modifications. The data projected by 
Stoecker are not reproduced but are directly used for the 
present model. However, the important parameters, which 
determine all the data of the model affecting the U.S. agri­
culture in 1980, are stated in this chapter. 
Demand Data 
Stoecker (30, pp. 32-^7) applied Brandow's (2) estimates 
of a set of direct price and cross-price elasticities for 28 
major U.S. farm products for domestic food and industrial uses 
and derived a set of linear demand equations for I3 desired 
commodities (Table 2) for each of 10 consuming regions, except 
cotton lint. This set of linear demand equations was based on 
the projected changes in taste, population, and personal dis­
posable income measured in I963-65 mean dollars for the year 
1980. The projected net export equations of cattle, hogs, 
manufactured milk, vegetable oil, wheat, feed grains, and 
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oilmeals were also added into this set of linear equations 
by Stoecker. 
In the present study, the emphasis is directed toward 
the analysis of U.S. farm exports, particularly toward the 
potential of wheat, feed grain, and soybean exports in I98O. 
Export quantities of these commodities are reestimated while 
other parameters of the Stoecker estimations are retained, 
except that the export equations for manufactured milk are 
omitted because Stoecker's estimates are not appropriate. 
Two levels of grain exports are assumed for the year I98O 
as shown in Table 1. Both levels are defined as all commer­
cial exports, and no government program or P.L. 480 are 
assumed in the present model. Level II is rather arbitrary, 
which is designed to use up most of the cropl^d available. 
The allocation of grain exports among regions is made by 
allocating the assumed national exports between ports accord­
ing to historical export quantities (Table 4). Soybean exports 
are expressed in terms of soybean oil and soybean oilmeal 
equivalent of soybean exports. 
The Stoecker system of linear demand equations for desired 
commodities takes the following form: 
d = d^ + Dp 
o 
where d is a I3 x 1 vector of demand quantities, 
d^ is a 13 x 1 vector of constant intercepts, 
D is a 13 X 13 matrix of constant demand slopes, 
p is a 13 X 1 vector of prices. 
Table 4, Two assumed levels of grain exports for I98O by consuming regions 
Oil Wheat Feed grains Oilmeal 
Level Level Level Level 
Region* I II I IX I II I II 
(mil. lb. ) (mil. bu. ) (mil. tons) (mil. tons ) 
NE 397 711 62 103 2.50 4.86 0.94 1.82 
AP 398 713 27 44 2.51 4.88 0.95 1.83 
SE 539 966 4 7 .04 .79 1.28 2.48 
DL 446? 8001 236 390 14.82 28.77 0,63 20.56 
CB 1365 2445 24 39 3.94 7.66 3.25 6.28 
LK 431 771 34 56 3.49 6.78 1.02 1.98 
NP — - - -
SP 
Mm 9 
16 384 633 4.28 8.30 0.02 0.04 
ivii 
PC 
- -
229 378 2.04 3^95 - -
us 7606 13624 1000 1650 34.00 66.00 18.10 35.00 
Regional code: NE, Northeast; AP, Appalachia; SE, Southeast; DL, Delta; 
CB, Corn Belt; LK, Lake Statea; NP, Northern Plains; SP, Southern Plains; MT, 
Mountain States; PC, Pacific States. 
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His export level of wheat and vegetable oil is contained in 
d^. By substracting his export level of these two commodi­
ties from d^ and adding the assumed levels of exports for 
these two commodities into d^, the final set of national de­
mand equations for 13 desired commodities appears in Table 5* 
This treatment has explicitly assumed that increases in foreign 
demands shift the domestic demand intercepts only. 
The demand equations for three desired commodities 
(sheep and lambs, chicken and turkeys, and eggs) are specified 
at the national level. The demand equations for the remaining 
commodities are specified for each of 10 consuming regions. 
The matrix of regional demand slopes is then partitioned into 
4 submatrices as: 
® = k k 
where subscript k denotes consuming region, k = 1,2,..,,10, 
"Lr 
DR is a 10x10 matrix measuring the effect on regional 
demand in terms of regional prices, 
C is a 10x3 matrix relating the effect of national 
prices to quantities demanded in region k, 
R is a 3x10 matrix relating the effect of prices in 
region k to national demands, and 
DN is a 3x3 sub-regional demand matrix. Summation of 
IT 
DN over k equals DN, demand slopes for three desired 
commodities at the national level. 
The demand matrices for each consuming region are derived from 
Table 5. National, farm-level demand for food use in 1980; slope coeffi­
cients showing the effect of a one-unit.change in the farm price 
of the commodity at the head of a column on the demand for the 
commodities at the left and domestic intercept terms^ 
Com- ^ Fluid Mfg. 
modity Cattle Calves Hogs milk milk Oil Wheat 
CA -1300.260 67.598 124.640 0.048 3.983 0.125 2.657 
CF 26.636 -97.912 11.853 .002 .205 .007 .137 
HG 109.692 26.200 -559.373 .029 2.388 .075 1.593 
FM 2.092 .322 1.069 -20.902 1.678 .017 .085 
MM 4.787 .739 2.448 1.611 -84.624 4.503 .458 
OL .437 .068 .224 .030 3.544 -1.845 .034 
WH 6.619 1.023 3.387 .450 1.233 .046 -9.892 
CN 4.336 .670 2.219 .295 .809 .030 1.194 
0T .597 .092 .305 .041 .111 .004 .164 
BY .067 .010 .035 .005 .013 .001 .019 
SL 43.197 10.319 26.258 .002 .203 .006 .135 
CT 3.732 .577 1.910 .254 .578 .016 .294 
EG 74.863 17.881 45.512 .013 1.056 .033 .703 
^Commodity units are as follows: cattle, calves, hogs, fluid milk, 
manufactured milk, oil, sheep and lambs and poultry meat in cwt.; wheat, 
com, oats and barley in bu. ; eggs in hundred dozen. All prices in 
1963-65 dollars per quantity unit are given above. Quantity changes are 
in 10,000 units. 
^Commodity code: CA, cattle; CF, calves; HG, hogs; F, fluid milk; 
MM, manufactured milk; OL, oil; WH, wheat; CN, com; 0T, oats; BY, barley; 
SL, sheep & lambs; CT, chicken & turkey; EG, eggs. 
^For grain export Level I. 
^For grain export Level II. 
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Com Oats Barley 
Sheep 
& lambs 
Chickens 
& turkeys Eggs 
Inter­
cept I 
Inter- ^ 
cept II' 
1.066 0.167 0.024 60.329 2.965 149.687 72822.8 72822.8 
.055 .009 .001 5.569 .153 14.096 1438.4 1438.4 
.639 .100 .041 31.532 1.778 79.231 25268.4 25268.4 
.034 .005 .001 .194 .269 .909 5209.1 5209.1 
.184 .028 .004 .446 .560 2.081 8671.2 8671.2 
.014 .002 .001 .041 .042 .190 1966.6 2568.3 
.730 .114 .016 .618 .865 2.878 14617.4 21117.2 
13.940 .075 .011 .405 .566 1.886 4757.5 4757.5 
.066 -2.563 .002 .056 .078 .260 590.5 590.5 
.007 .001 -9.297 .006 .009 .029 1401.1 1401.1 
.054 .009 .001 -181.712 .151 21.736 3123.1 3123.1 
.118 .019 .003 .349 -40.394 1.623 6733.5 6733.5 
.282 .044 .006 15.156 .785 -466.177 17650.7 17650.7 
^3 
the national demand in Table 5 as: 
X d 
where is a 13x13 matrix of demand slopes for consuming 
region k, 
is the proportion of total population in the k 
region shown in Table 6, 
D is the 13x13 national demand matrix shown in 
Table 5* 
The regional demand intercepts are derived in similar manner 
except that the regional intercepts are adjusted for expected 
regional differences in personal disposable income measured 
in 1963-65 real dollars as: 
d^ = w^ X (dg + dl X (pl^ - pi)) 
Ir 
where d^ is the regional demand equation intercept, 
d^ is the national demand intercept, 
dl is a 10x1 vector relating changes in personal 
disposable income to the quantity demanded at 
the national level, 
pi is expected personal disposable income per capita 
as given in Table 6 for the k-th consuming region, 
pi is expected personal disposable income per capita 
in the U.S. 
Finally, the export quantities of wheat and vegetable oil in 
Table 4 are added into the intercepts of regional equations. 
Since there is no demand function defined for intermediate 
commodities in the model, the regional feed grain and oilmeal 
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Table 6. Projected population and personal disposable income^ 
by consuming regions for 1980^ 
Consuming 
region Population 
Personal 
disposable 
income Proportion 
(mil.) (per capita) 
Northeast 
Appalachia 
Southeast 
Delta 
Com Belt 
61.016 
20.246 
20.198 
8.095 
38.552 
3603.2 
2723.2 
2691.2 
2457.6 
3406.4 
0.266 
0.088 
0.088 
0.035 
0.168 
Lake Sts. 
N. Plains 
S. Plains 
Mountain 
Pacific 
19.419 
5.206 
15.445 
9.620 
31.169 
3428.8 
2919.2 
2864.8 
2896.8 
3642.4 
0.085 
0.023 
0.067 
0.042 
0.136 
u.s.c  228.964 3260.0 1 .000 
^Measured in I963-I965 dollars. 
^Source (53)-
*^48 states plus Washington, D.C. 
exports are satisfied by forcing the production of feed grains 
and oilmeals to be at least as large as exports plus endogen­
ous use (for livestock production). Because the model has 
specified only the important set of livestock for U.S. agri­
culture and has excluded several classes of livestock, for 
example, horses, mules, etc., feed requirements for these 
animals estimated by Brokken (3) are added into the model as 
exogenous requirements together with exports. 
Domestic demand for cotton lint is set at 1? pounds per 
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capita or 8.1 million bales. Net commercial export of cotton 
is set at the 1964 level, 4.2 million bales (50). Total 
demand for cotton lint, domestic plus export, is therefore 
set at 12.3 million bales. 
Production Data 
The production data include input-output coefficients 
required for each of the crop and livestock production 
activities and a set of land and livestock capacities defined 
in Chapter II. Basically, projections of these coefficients 
are made by the trend analysis based on 1949-1969 data by 
Stoecker (30). These coefficients are yield of crops, yield 
of livestock, and the associated per activity unit cost of 
production measured in 1963-65 real dollars. The land 
capacity is the total 1964 harvested acreage for each crop in 
the area plus the land idled by the government programs, except 
cotton land is defined as the 1953 harvested acreage of cotton. 
The regional irrigation land is defined as the sum of acreage 
in each of the irrigated crop producing regions in 1964 and 
the new irrigated land estimated by Bureau of Reclamation 
projects scheduled for completion by 1980 (16). 
The hog capacity and milk cow capacity are defined as 
the maximum historical number of hogs and milk cows in inven­
tory in that region between 1959-68. The capacity contraints 
for beef cows and for fed beef are based on historical trends 
in inventory numbers for each region betv/een 1959-68. These 
46 
capacity constraints have been estimated by Stoecker. 
Modification of feed grain-soybean rotation weights 
On the grounds that cropland cannot be continuously 
planted to soybeans and that the use of crop rotation activi­
ties reduces the tendency of the programming model to produce 
only one type of crop in any producing area, soybeans can only 
be produced by a feed grain-soybean rotation activity in the 
model. This activity is composed of a fixed proportion of 
feed grains and soybeans. The relative proportions are the 
rotation weights, which play an important role in the model 
because the treatment does not allow the alternative of 
soybeans without the joint activity. Consequently, a relative 
increase of soybean oilmeal export could conceivably depress 
feed grain price and hence also depress both food grain prices 
and livestock prices, because the model deals with the entire 
grain-feed-livestock sector and there are strong relations 
among these products. 
Stoecker (30) defined a rotation weight of 0.5  for soy­
beans and 0.5 for feed grains in all feed grain-soybean rota­
tion activities. However, it is recognized that the result is 
not realistic. A decision about the rotation weights would 
apparently affect prices of all products in the model. For 
the present study, the rotation weights are estimates based 
on the total harvested acreages of soybeans and feed grains 
in 1959 and 1964 in each producing area (37,38). These weights 
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are given in Appendix, Table 33-
Modification of exogenous costs for wheat production 
In a typical linear activity of a programming model, the 
quantity of each input per activity unit is specified. If 
the value of certain inputs is also specified, then the value 
of these inputs is considered to be exogenous to the model. 
Eyvindson (11) devoted an extensive effort to development 
of cross-section estimates of these exogenous costs required 
per activity unit for the year I965. Stoecker (30, pp. 95-11^) 
developed a set of cost ratios for both labor and capital 
based on time series data between 1949-69 and incorporated 
Eyvindson's base year estimates for making 1980 cost 
projections. 
The projected ratios for each crop at the regional level 
were obtained by aggregating the individual state ratios 
within each consuming region. As a result, the locus of wheat 
production in Stoecker's initial solution was shifting away 
from the traditional concentration in the Kansas and Nebraska 
areas to the North and South Dakota areas. For the present 
study, the projected ratios at the area level for wheat is 
obtained from the individual state projections by Stoecker. 
The modified costs for wheat production per activity unit are 
given in Appendix, Table 34. 
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Transportation Data 
The transportation activities used in the present model 
are basically the same as in the Stoecker model, except that 
the interregional shipments of feed grains and oilmeals ac­
tivities are required to be rearranged as noted in Chapter II. 
Recall inequalities (2.3) and (2.4). In the absence of 
Gg rows, shipments of feed grains and oilmeals are accom­
plished by transporting the equivalent units of TDN and pro­
tein contained in these commodities as indicated by T^. All 
exports of feed grains and oilmeals (expressed in terms of TDN 
and protein) came out of the same common pool of TDN and pro­
tein. This implicitly assumed that feed grains and oilmeals 
are perfect substitutes in exports and livestock feeding. 
However, if exogenous exports of com, oats, barley, grain 
sorghum, and oilmeals are specifically defined in e^ rows 
in units of bushels or tons for these commodities and if the 
related transportation coefficients, T^, are also in these 
units, then the assumption of perfect substitution between 
these commodities can be relaxed. 
For the present model, the effort is made only to 
separate feed grains and oilmeals. Only oilmeal transporta­
tion coefficients are contained in T^, and oilmeal exports are 
indicated by e^. The per activity unit costs of transporting 
oilmeals remained the same as in the Stoecker model. 
A more complete formulation of the problem requires that 
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each feed grain transportation activity be redefined as four 
activities one for each of the 4 feed grain components. This, 
however, increases the size of the model and also requires 
extra data on transportation costs associated with each of 
these activities. 
Note on Computation 
The computer time required to obtain two optimal solu­
tions for the present study is reported in Table 7» Each was 
solved with an iterative search for the optimal solution. The 
increase in computer time due to the increase of number of 
rows and columns required to specify a given problem was 
greater than expected when the required computer time in the 
present study was compared with the Stoecker's. 
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Table ?• Compariuons of computer time and 
tions required to obtain optimal 
number of itera-
solutions 
Kiombe r 
of rows 
Number of CPU 
iterations time Cost 
(sec.) (ip) 
20 The Stoecker model^ 
2030 1601 1,832.8 
The present models 
n. a.^ 
2172° 2287 3,693.0 950.00 
2168* 2078 7,642.0 1,535.31 
^Source (30). 
^Not available. 
^Solution I of the present model. 
^Solution II of the present model. 
51 
CHAPTER IV. RESULTS AND DISCUSSION 
Two optimal solutions are obtained for the quadratic 
programming model of U.S. agriculture in I98O. The model 
and the data used for these two solutions are identical except 
that for the first solution (Solution I) grain exports are 
set at Level I while for the second solution (Solution II) 
grain exports are set at Level II as indicated in the previous 
chapter. The highlights of Solution I and Solution II are 
presented and discussed in this chapter. 
National Results 
Two sets of the estimated equilibrium prices received by-
farmers and the associated quantities demanded for the U.S. 
agricultural sector in I98O from two optimal solutions are 
presented in Table 8. The calculated values of production 
for selected commodities and comparisons with actual values 
of production for 1963-65 and for I968-7O are presented in 
Table 9. The programmed competitive prices and quantities 
of desired commodities demanded by regions are presented in 
Appendix, Table 35 and Table 36. 
1980 prices and quantities demanded in Solution I 
The estimated I98O competitive prices and quantities 
demanded for desired commodities in Solution I compared with 
the Stoecker solution (30) are listed in Table 10. The results 
are similar except milk, vegetable oil, sheep and lambs, eggs, 
Table 8. Estimated equilibrium prices received by farmers, quantities demanded for 
domestic use by consumers, and export levels from two competitive equi­
librium solutions 
1980 Solution I 1980 Solution II 
Per Per 
Domestic capita Domestic capita 
Com- consump- consump- Net consump- consump- Net 
modity Unit Price tion tion exports Price tion tion exports 
($) (mil.) (mil.) ($) (mil.) (mil.) 
CA Lbs. .27 45557 199.0 -2371 .30 42953 187.6 -2544 
CP Lbs. .20 179 0.8 — — .23 178 0.8 — — 
HG Lbs. .15 21828 95.3 -237 .20 20168 88.1 -306 
PM Lbs. .02 48272 210.8 — — .03 47745 208.5 — — 
MM Lbs. .02 78993 345.0 — — .03 78974 344.9 — — 
OL Lbs. .16 10008 43.7 7606 .22 9045 39.5 13624 
WH Bu. 1.21 486 2.1 1000 1.97 486 2.1 1650 
CN Bu. ' 9 5  487 2.1 — — 1.16 490 2.1 
0T Bu. .49 61 0.3 — — .70 61 0.3 •M — 
BY Bu. .79 133 0.6 — — 1.18 130 0.6 — •" 
CT Lbs. .22 3892 17.0 2000 .23 3892 17.0 — — 
SL Lbs. .22 1188 5.2 — — .27 644 2.8 — — 
EG Doz. .21 6o64 26.5 — — .29 5794 25.3 - -
Commodity codes = CA, cattle; CP, calves; HG, hogs; FM, fluid milk; MM, manu­
factured milk; OL, oil; WH, wheat; ON, corn; 01!, oats; BY, barley; CT, cotton; SL, 
sheep and lambs; EG, eggs, 
M^easured in I963-65 real dollars. 
N^egative quantities are net imports. 
Table 8. (Continued) 
Actual 1963-65 d Actual 1968-70 d 
Per Per 
Domestic capita Domestic capita 
consump­ consump­ consump­ consump 
mmodity Unit Price tion tion Price tion tion 
($) (mil.) ($) (mil.) 
OA Lbs. .19 33872 178.9 .31 37651 188.9 
CF Lbs. .22 — — .26 — — — 
HG Lbs, .17 19744 104.3 .21 21147 106,1 
FM Lbs. .04 59222 313.0 .06 55462 278.9 
MM Lbs. .04 62991 333.0 .05 59150 296.0 
OL Lbs. .11 5714 30.2 .11 7136 35.8 
WH iJu. 1.52 509 2.7 1.27 520 2.6 
CN Bu. 1.15 338 1.8 1.19 378 1.9 
0T Bu. .62 45 .2 .60 45 .2 
BY Bu. 
.95 102 .5 .91 120 . 6 
CT Lbs. .15 10597 22.8 .15 13246 20.9 
SL Lbs. .18 1317 7.0 .23 1083 5.5 
EG Doz. .34 5068 26.4 .37 5394 26.5 
S^ource (50, 58). 
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Table 9« Value of production for selected commodities for 
two 1980 solutions and comparison with I963-65 
and 1968-70 actual values 
Commodity 
1980 
Sol. I 
1980 
Sol. II 
1963-65 
Actual^  
1968-70 
Actual^  
(mil. 1963-65 dollars) 
Cattle & 
calves 
11629 12174 6543 9792 
Hogs 3308 3936 3227 4501 
Dairy 2861 3338 5265 4961 
Wheat 1800 . 4217 1853 2237 
Feed grains^  4909 7310 5594 5978 
Soybeans 3517 10453 1914 2844 
Sheep & 
lamb 
259 172 241 199 
Eggs 1296 1676 184 1967 
Chicken & 
turkeys 
1560 1986 1245 1604 
S^ource (49). 
F^eed grains including corn, oats and barley for food use. 
and chicken and turkeys. The prices and quantities demanded 
for these commodities in Solution I are reflections of the 
data corrections and modifications made in the present study. 
As a result. Solution I is a substantial improvement over the 
Stoecker solution. 
The equilibrium prices for fluid and manufactured milk 
Table 10. Equilibrium national farm level prices, total demand, per capita con­
sumption, and net exports for desired commodities in I98O Solution I 
and comparison with the Stoecker solution 
1980 Solution I Stoecker solution^  
Com- . Total Per Net Total Per Net 
lodity Unit Price demand capita export Price demand capita export 
( ip/cwt. ) 
(mil. (mil. 
($/cwt.) 
(mil. (mil. 
cwt. ) (cwt.) cwt. ) cwt. ) (cwt.) cwt. ) 
CA Lbs. 26.85 431.9 1.99 -23.7 26.62 404.6 1.87 -23.8 
G F Lbs. 19.89 1.8 .01 — — 20.18 2.3 .01 — — 
HG Lbs. 15.32 215.9 .95 -2.4 16.73 199.0 .88 -2.6 
FM Lbs. 2.48 482.7 2.11 — — 2.69 489.4 2.14 — — 
m Lbs. 2.10 789.9 3.45 — — 2.24 845.7 3.59 23.6 
OL Lbs. 16.27 176.2 .44 76.1 0.80 161.9 
.55 35.5 
WH Bu. 1.21 1486.4 2.12 1000.0 1.21 779.0 2.15 287.5 
CN Bu. 
.95 487.5 2.13 — — 0.93 476.3 2.08 
0T Bu. .49 61.3 .23 — — 0.60 60.2 .26 — 
BY Bu. 
.79 133.2 .58 — — 0.77 132.6 .58 — — 
SL Lbs. 21.83 11.9 .05 — — 12.95 31.4 .14 — — 
EG Doz. 21.37 60.6 .27 — — 14.88 53.5 .23 — 
CT Lbs. 9.24 168.9 .74 — — 5.34 156.9 .69 — — 
S^toecker (30). 
C^ommodity code = CA, cattle; CP, calves; HG, hogs; PM, fluid milk; MM, manu­
factured milk; OL, oil; WH, wheat; GN, corn; 0T, oats; BY, barley; SL, sheep and 
lambs, CT, cotton; EG, eggs; CT, chicken and turkeys. 
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are slightly lower than the prices obtained by Stoecker and 
are also lower than prices in I963-65 and I968-70 periods. 
This is due to removal of the unrealistic export equation 
for manufactured milk, which projected 23.64 million pounds 
of export in I98O while during I968-7O the U.S. actually im­
ported an average of 17.58 million pounds annually. The es­
timated quantity of 211 pounds per capita consumption of fluid 
milk in I98O compares with the I963-65 average per capita con­
sumption of 313 pounds. But the average farm level price was 
$4.18 per cwt. in I963-65, and the equilibrium price for fluid 
milk estimated at #2.48 per cwt. The estimated per capita 
consumption is lower, because the downward trend in per capita 
consumption of fluid milk more than offsets the effect of the 
decline in price. The per capita consumption of manufactured 
milk is projected to increase from 333 pounds in I963-66 to 3^ 5 
pounds in I98O in the absence of foreign trade. The estimated 
1980 price of manufactured milk is $2.10 per cwt., still be­
low the $4.00 per cwt. actual price during I968-7O. The loss 
of advantage in dairy industry projected for I98O is indicated 
by the calculated total value of dairy products at #2,86l mil­
lion dollars compared with the actual value of production 
averaged at $4,961 million dollars during I968-70 (Table 9). 
The national equilibrium price of vegetable oil, $16.27 
per cwt., in the present study is an improvement as compared 
with $0.80 per cwt. in the I98O Stoecker solution and with 
$6.48 per cwt. in the I965 Hall solution (13). Historical 
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prices of vegetable oil have been fluctuating between $8.00 
and $15.00 per cwt. during 1949-68 period and $11.00 per cwt. 
in 1963-65 and in 1968-70. The higher price in Solution I is 
partly due to the increased quantity of vegetable oil demanded 
for domestic use (43-7 pounds per capita as compared to 30*2 
pounds per capita in 1963-65) and partly due to total export 
of 7,607 million pounds from the assumed oil equivalent of 
soybean export in Solution I. 
The estimated I98O quantities demanded for poultry 
products and for sheep and lambs are also changed, because of 
the costs for exogenous inputs (capital and labor) which were 
omitted in the Stoecker solution, are added into the present 
programming model. The estimated I98O per capita consumption 
of chicken and turkeys is 7^  pounds. The estimated price 
(#0.09 per pounds) is lower than the 1963-65 average price 
received by farmers ($0.15 per pounds), as expected. Since 
the estimated demand equations for poultry products and for 
sheep and lambs in the present study are defined at the 
national level, these equilibrium prices do not include costs 
of transportation. Similarly, the estimated I98O per capita 
consumption of eggs is 27 dozens, and the estimated equilibrium 
price ($0.21 per dozen) is also lower than the 1963-65 average 
price ($0.34 per dozen). The estimated demand for sheep and 
lambs seems reasonable at 5*2 pounds per capita consumption, 
when compared to actual consumption figures for I968-7O at 
5.5 pounds per capita, because actual consumption of sheep and 
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lambs has declined slightly during 1965-70 period. 
Effect of higher level of grain exports 
The estimated prices of intermediate commodities by con­
suming regions for 1980 are given in Table 11. The estimated 
national prices for feed grains and oilmeals calculated from 
the component price of TDN and protein in 1980 for two solu­
tions are as follows: 
Feed grains Oilmeals 
($ per bushel) ($ per ton) 
Solution I 0.85 35*95 
Solution II 1.06 123.05 
As expected, both feed grain and oilmeal prices in Solu­
tion II are higher than in Solution I, but the oilmeal price 
in Solution II is even higher than expected. Inspection of 
protein prices in Table 11 indicates that variations of pro­
tein prices between two solutions are huge. For example, the 
prices in the Com Belt vary from $0.28 per ton in Solution I 
to $239.46 per ton in Solution II. This is partly due to a 
large increase in oilmeal export and partly due to the nature 
of the model as discussed in the section on limitations of the 
model in Chapter II. There is no pure surplus of TDN and 
protein associated with Solution II, but there are pure sur­
pluses of protein in the Mountain and Pacific states in 
Solution I. 
The net changes in prices, per capita consumption and total 
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Table 11. Estimated prices of intermediate commodities 
for 1980 
Feeder Yearling 
Region TDN Protein Roughages calves^  cattle^  
(ton) (ton) (ton) (head) (head) 
Solution I 
NE $47.15 $ 1.33 $26.83 $137.25 $199.54 
AP 45.90 .82 31.44 140.10 192.77 
SE 40.47 
.77 31.51 141.69 188.88 
DL 40.51 .29 23.54 144.47 186.79 
CB 32.84 .28 19.30 
LK 40.29 6.08 19.49 145.77 185.09 
NP 31.00 1.15 15.90 143.33 187.41 
SP 37.49 — — 21.59 145.73 186.20 
MT 34.71 17.97 21.61 141.37 184.68 
PC 48.73 24.98 148.26 196.30 
Solution II 
NE $37.62 $217.47 $28.35 $154.75 $221.01 
AP 35.65 219.89 37.36 157.60 214.11 
SE 29.22 239.58 32.60 158.33 210.35 
DL 29.05 239.48 25.13 161.15 208.13 
CB 21.38 239.46 21.11 163.27 212.52 
LK 29.81 235.69 23.32 160.83 208.88 
NP 19.50 240.33 19.91 163.23 207.54 
SP 54.61 22.80 28.94 158.87 205.10 
MT 21.84 249. 58 23.11 158.37 202.19 
PC 46.88 182.97 27.46 163.11 213.34 
4^00 pounds per head. 
7^00 poxmds per head. 
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values of productions for selected commodities between two 
solutions are summarized in Table 12. The results indicate 
that, given the exogenous increase in export from Level I to 
Level II and other things being equal, all estimated prices 
increase with the higher level of exports. This implies that 
consumers, given a fixed level of per capita personal dis­
posable income, will suffer from the higher food prices, as 
indicated by the decline in per capita consumption of meat 
and poultry products. The consumption of food grains (includ­
ing wheat, com, oats, and barley) however stayed the same, 
because the estimated demand equations for food grains, which 
are derived from Brandow's (2) estimates, are highly inelas­
tic with respect to changes in prices. On the other hand, 
farmers in general benefit from the increased grain exports. 
It is interesting to note that despite the decline in the total 
livestock production, the total value of production for most 
of the livestock still increases, because increase in the 
price outweighs the decline in production. 
The comparison of estimated net exports for beef and 
pork with actual levels of net commercial exports in I963-65 
and 1968-70 is given in Table I3. Net exports for beef and 
pork are determined endogenously in the model. The quantity 
demanded for each of the endogenously determined net exports 
is assumed to vary with the farm level price in each consuming 
region. In both solutions, the equilibrium levels of these 
net exports projected for I98O are close to observed levels 
Table 12. The net change and net percentage change in prices, per capita consump­
tion, and value of production for selected commodities from Solution I 
to Solution II& 
Commodity Unit Price fo 
Per capita 
consumption ^0 
Value of 
production fo 
Net 
expori 
(^) (mil. $) (mil. 
Cattle Lbs. f .03 +11 -11.4 - 6 + 539 + 5 - 173 
Calves Lbs. .03 +15 — —• — — f 6 + 17 — — 
Hogs Lbs. + .05 +34 
- 7.2 - 8 + 628 + 19 - 71 
PI. milk Lbs. + .01 +50 
- 2.3 - 1 + 168 + 14 — — 
Mfg. milk Lbs. + .01 +50 - 0.1 — + 3O8 + 19 mm «M 
Veg. oil Lbs. + .06 +37 - 4.2 -11 +2226 + 78 +6018 
Wheat Bu. + .76 +63 — — — — +2417 +134 + 650 
Corn Bu. .21 + 22 — — — — + 109 — — 
Oats Bu. + .21 +43 — — — — + 13 — — M M 
Barley Bu. + 
.39 +49 - - — — + 48 — — — mm 
Chicken Lbs. + .03 + 34 - .1 - 6 + 425 + 27 mm mm 
Sheep & 
lamb Lbs. + .05 +23 - 2.4 -86 - 87 - 51 — — 
Eggs Doz. + .08 +38 - 1.2^  
- 5 - 380 + 30 mm 
Feed grains Ton +7 .48 +25 n.a.b n.a. +2401 + 49 + 32 
Oilmeals Ton + 87 .10 +242 n. a. n.a. +4349 +325 + 17 
A^ll the units in price and quality are the same as in Table 8. 
N^ot applicable. 
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Table 13- Estimated net commercial exports of beef and pork 
in 1980 by consuming regions with national level 
comparisons for 1963-65 and 1968-70^  
Beef Pork 
Region Sol. I Sol. II Sol. I Sol. II 
(mil. lbs.) 
NE - 616.4 - 656.6 -198.9 -254.2 
AP — — — — 
SE - - - -
DL 51.0 51.0 8.6 8.6 
OB — — — — 
LK - 81.8 - 87.9 49.2 - 64.7 
HP - _ 
SP — — — — 
KT - - - -
PC -1723.6 -1850.5 2.3 2.3 
US -2370.8 -2544.0 -237.1 -308.0 
Actual^  
1963-65 -1986.8 - 117.3 
Actual^  
1968-70 -2649.1 - -289.8 
N^egative quantities are net imports. 
S^ource (39)• 
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of net exports in I968-7O. The increase in grain exports also 
affects beef and pork imports. The net import of beef rises 
755, and the net import of pork increases JOfo. Although mag­
nitudes of these net increases in imports are small relative 
to the total demands, these results together with the decline 
in total domestic demands mentioned above imply that some 
livestock producers will feel a two-way squeeze in production 
of beef and pork, as a result of the increased grain exports. 
The total demand for TDN, protein, roughages and pasture 
for livestock production and for feed grain exports (ex­
pressed in terms of TDN and protein) is summarized in Table 14. 
The total demand for TDN and protein has increased 11^  and 
from Solution I to Solution II, respectively. These in­
creases are mostly from the increased feed grain exports. The 
relatively lower percentage increase in protein utilization is 
associated with the higher protein prices in Solution II 
(Table 11), which results from the expansion of oilmeal ex­
port. Also, from Solution I to Solution II, the total domestic 
demand for oilmeals used as feed decreases 70%; the total de­
mand for roughages decreases 6%-, and the total demand for 
pasture decreases These results reflect the decline in 
livestock production. The relatively large reduction in 
domestic utilization of oilmeals as feed indicates that most 
of oilmeals produced are shifted for export. 
Estimated land resource use for I98O is presented in 
Table I5. The estimated total demand for cropland in 
Table 14, Estimated production and utilization of total digestible nutrients (TDN), 
protein, harvested roughage and pasture at the national level 
I960 Solution I 1980 Solution II 
Utilization 
TDN 
tons 
Protein 
tons 
Roughage 
tons 
Pasture 
aum& 
TDN 
tons 
Protein 
tons 
Roughage 
tons 
Pasture 
aum^  
(Units are in 10^ ) 
Beef cows 549 111 5172 35354 530 108 4915 34719 
Dairy 1698 278 5569 5592 1697 278 5599 5675 
Hogs 4217 629 - 1278 3877 578 - 1182 
Fed beef 2456 359 3662 14594 1999 291 3247 14473 
Sheep 83 23 390 4221 45 12 211 2283 
Eggs 1477 270 309 - 1411 258 295 -
Broilers 1289 296 33 - 1219 280 31 -
Exogenous^  740 85 693 - 795 114 693 -
Feed grain 
export 2712 241 - — 5265 467 — 
Total utili­
zation 15222 2292 15828 61040 16838 2386 14991 58332 
Production 15222 2498 15828 6l040 16838 2386 14991 58332 
A^nimal unit months. 
T^he exogenous category includes feed for other livestock. 
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Table I5. Estimated total cropland and total cropland plu: 
hayland. utilization by consuming region in 1980 
Region 
Cropland 
used 
Proportion 
cropland 
idle 
Hayland & 
cropland 
used 
Proportion 
idle 
(1000 acres) (1000 acres) 
Solution I 
NE 
AP 
SE 
DL 
CB 
LK 
NP 
SP 
MT 
PC 
US 
5776 
5439 
7251 
9828 
63841 
21860 
45598 
23724 
8820 
9651 
201789 
0.15 
0.53 
0.35 
0.15 
0.09 
0.19 
0 .28  
0.25 
0.50 
0.01 
0 . 2 2  
8<64 
8699 
8504 
11263 
70457 
31002 
49313 
24834 
14869 
11873 
23938O 
0.39 
0.49 
0.33 
0.15 
0.14 
0.14 
0.31 
0.29 
0.40 
0.11 
0.25 
NS 
AP 
SE 
DL 
CB 
LK 
NP 
SP 
MT 
PC 
US 
6481 
11485 
10004 
11516 
70320 
27147 
62783 
31149 
15969 
9658 
256512 
Solution II 
0.04 
0. 01 
0.11 
0.11 
0 .01  
0 . 0 2  
9232 
14934 
11244 
12890 
77122 
35294 
66614 
32030 
20676 
12710 
292746 
0.33 
0.12 
0.12 
0.03 
0.05 
0 .0 2  
0.07 
0.08 
0.17 
0.05 
0 .08  
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Solution I is 202 million acres, as compared with an average 
of 208 million acres used annually between 1963-65 s.nd with an 
average of 199 million acres used annually between I968-70 
(49). The reduction in cropland used is largely associated 
with the higher yield of crops projected for 1980 and with the 
increase in productivity from the optimal allocation of pro­
duction in the solution of the model. Under the level of de­
mand in Solution I, there is a large amount of excess capacity 
in the farm economy. The excess capacity is defined as re­
sources not needed to fill the demand level in the optimal 
solution. The estimated unused cropland is 59«2 million acres 
or 22^  of the total cropland available in I98O. Figure 4 
shows the cropland idled in each of I03 producing areas. As 
is evident, the Northern Plains show the largest concentra­
tion of cropland unused for crops. The Southern Plains, 
Appalachia and Southeast regions also show the large amount 
of cropland idled. This implies that such a large excess 
capacity of cropland will call for large adjustments not only 
for direct agricultural interests, but also for the adjacent 
rural business which are located in and dependent on rural 
farm sector. 
However, the magnitude of unused cropland provides a 
measure on which to base a potential increase in grain exports. 
The expansion of grain exports at Level II requires a net in­
crease of 54-7 million acres of cropland. The idled cropland 
is then reduced to 4.5 million acres or 2.% of the total 
• = 0^0,000 acres 
o = less than 2^0,000 acres 
Figure 4. Location of unused cropland in 1980 Solution I 
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cropland. Figure 5 shows that the unused cropland is scattered 
in the Southeast and Mountain States. The estimated net 
acreage increase for wheat, soybeans and feed grains shown in 
Table 16 are 6.3, 18.0 and 15.O million acres, respectively, 
from Solution I to Solution II. 
The estimated total exogenous costs of crop production by 
regions for 1980 are presented in Table 1?. The exogenous 
costs refer to labor and capital inputs required per activity 
unit which is determined by outside the model. Since the 
prices of these exogenous inputs are also predetermined, the 
total demand for exogenous inputs depends on the optimal level 
of production in a solution. Total requirements of labor, 
capital and fertilizer increase 18^ , and 22#, respectively, 
from Solution I to Solution II. Table 18 shows the estimated 
total exogenous costs of livestock production by regions for 
1980. Total requirements of labor and capital decrease 
respectively IjS and as the level of livestock production 
decreases from Solution I to Solution II. These results ex­
plicitly indicate that the increased profitability of crops 
relative to livestock causes resources to move out of the 
livestock sector into the crop sector. Adjustments of labor 
and capital employments from one location to another will 
benefit one economic group at the expense of another, as a 
result of the expansion in grain exports. 
® = 0^0,000 acres 
o = less than 2^0,000 acres 
Figure 5» Location of unused cropland in I98O Solution II 
Table 16. Estimated total acreage and production for wheat, soybeans and feed 
grains at the national level in I98O 
Cropland 
Wheat 
Acres Production 
Soybeans 
Acres Production 
Feed grains 
Acres Production 
Dryland 
Irrigated 
US 
(mil.) (mil. bu.) 
3^ .3 
5.9 
40.2 
1176.8 
3^ 2.5 
1519.3 
(mil.) (mil. bu.) 
Solution I 
48.8 
48.8 
1503.7 
1503.7 
(mil.) (mil. bu.) 
97.7 
1.2 
98.7 
6703.0 
138.2 
6839.2 
Dryland 
Irrigated 
US 
54.7 
6.3 
61.0 
1712.9 
423.5 
2036.4 
Solution II 
6 6 . 8  
66 .8  
1976.1 
1976.1 
111.2 
1.7 
112.9 
7729.9 
187.5 
7917.4 
1964 us 
1972 us 
49.8 
47.3 
1283.4 
1544.8 
Actual' 
30.8 
45.8 
700.9 
1282.9 
97.1 
94.2 
4792.8 
7135.7 
S^ource (50). 
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Table 17. Estimated costs of labor, capital, and fertilizer 
required for 1980 crop production measured in 1963-
65 dollars 
(mil. $) 
Solution I 
NE 76.4 423.6 571.7 
AP 69.8 480.6 647.7 
SE 37.9 396.8 487.2 
DL 137.8 757.8 985.0 
CB 440.8 2375.4 3516.8 
LK 188.3 991.2 1353.9 
NP 222.3 1328.0 1800.3 
SP 120.3 801.0 1049.9 
MT 75.7 423.0 522.0 
PC 124.1 475.9 706.1 
US 1493.4 8453.3 11640.6 
Solution 11^  
NE .94 1.02 .98 
AP 1.25 1.66 1.57 
SE 1.29 1.23 1.28 
DL 1.08 1.10 1.10 
CB 1.15 1.18 1.16 
LK 1.17 1.17 1.19 
NP 1.36 1.49 1.45 
SP 1.16 1.18 1.17 
MT 1.45 1.41 1.47 
PC 1.01 1.07 1.06 
US 1.18 1.24 1.23 
C^apital does not include fertilizer costs. 
S^olution II is calculated as ratios to Sol 
comparisons. 
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Table 18. Estimated costs of labor and capital required for 
1980 livestock production measured in I963-65 
dollars 
1980 Solution I 1980 Solution 11^  
Region Labor Capital Labor Capital 
(mil. (ratios) 
NE 76.6 194.6 .93 .94 
AP 75.1 180.6 .50 .54 
SE 48.0 212.7 .96 .78 
DL 50.4 184.6 1.00 .96 
C5 370.5 1101.8 1.00 1.00 
LK 380.8 937.7 .95 .90 
NP 234.0 662.2 1.36 1.33 
SP 152.9 354.7 1.01 1.03 
I-IT 111.3 372.0 .82 
.79 
PC 109.8 278.7 .77 .64 
US 1609.4 4479.6 
.99 .96 
S^olution II is calculated as ratios to Solution I for 
comparison. 
Regional Results 
Regional allocation of crop production 
The estimated acreage of specific crops within each con­
suming region obtained from two solutions of the programming 
model is summarized in Table 19. Estimated irrigated crop 
Table 19. Estimated crop acreages by consuming regions in 1980 for Solution I and 
Solution II 
Reg. Wheat Corn Oats Barley 
Soy­
beans 
Feed 
grains Silage 
Tame 
hay 
Wild 
hay Cotton 
(1000 acres) 
Solution I 
NE 2436 2415 271 271 384 2788 - -
AP - — — 148 1816 2260 574 3260 - 642 
SE - — — - 3397 3675 179 1253 - — 
DL 382 — — - 3702 696 139 1435 - 4910 
CB 6819 — — 298 26330 28861 854 6615 - 682 
LK 1878 — — 5422 6141 6141 2279 9142 302 -
NP 11297 — — 13872 5235 13097 2097 3716 4493 -
SP 11900 — — - 1883 9338 602 1110 176 -
MT 1428 694 6340 - 149 209 6050 544 -
PC 6450 694 lo64 - - 132 2223 432 1312 
US 40153 3824 29558 48773 64487 7449 37592 5946 7545 
Solution II 
m 1948 468 1819 1868 379 2752 — -
AP - — •— 792 4680 5742 272 3449 - -
SE 1283 — — 42 4285 155 1240 - 683 
DL 258 — — - 4662 1584 103 1372 - 4910 
UB - — — 174 33IO8 35510 846 6802 — 682 
LK 3656 — — 397 8468 12570 2057 8147 449 -
NP 19301 — — - 9243 32078 2161 3831 5372 -
SP 19913 — — - 1265 9518 452 881 451 -
MT 8959 1592 3773 - 1142 502 4707 749 -
PC 6743 375 1061 — - 167 3053 432 1312 
US 62062 2327 6706 66800 104295 7094 36238 7452 7587 
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acreages in the 1? Western States for 1980 are presented in 
Table 20. Estimated average yields of crops for 1980 are 
given in Table 21. The range of rents for cropland, hay land 
and wild hay land is given in Table 22. The rental value of 
land (shadow price) within a producing area is zero if there 
is excess land in that area. The rental value for each type 
of land in each area is given in Appendix, Table 37 and 
Table 38. The interregional shipments of intermediate com­
modities are summarized in Table 23. 
Soybeans 
The big change of the interregional allocations in 
soybean acreage (Table 24), as compared to I963-65 pattern of 
soybean production, results from the increased demand for 
soybean oil and for soybean oilmeals both at home and abroad. 
In Solution I, the estimated 48.8 million acres of soy­
beans (with total production of 1,504 million bushels) repre­
sents an increase of 17.4 million acres over the I963-65 
acreage. Figure 6 shows that most of the soybean acreage is 
concentration in the Com Belt. The acreage is shifting away 
from the Northeast, Appalachia and Delta regions, as compared 
to the 1963-65 pattern of production. 
In order to meet a net increase of 16.9 million tons of 
oilmeal export (Level II), a net increase of 18 million acres 
of soybeans is required in Solution II. Soybean production is 
therefore expanded into all soybean producing regions except 
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Table 20. Estimated irrigated crop acreages by consuming 
regions in 1980 for Solutions I and II 
Region Wheat 
Feed 
grains Silage Hay 
(1000 acres) 
Solution I 
NP - - 1248 1613 
SP 3851 - 490 1110 
MT - 843 49 -
PC 2028 318 132 2223 
Total 5879 1161 1919 4946 
Solution II 
NP - - 1248 1614 
SP 4742 - 297 674 
MT 254 1728 78 791 
PC 2357 - 131 2212 
Total 7353 1728 1754 5291 
in the Southern Plains as shown in Figure ?. This expansion 
in soybean acreage has caused some interesting changes in 
regional allocation of crop acreage. For example, the propor­
tion of the total Com Belt acreage devoted to soybean produc­
tion reaches a maximum with soybeans replacing the traditional 
wheat acreage in the Corn Belt. Soybean production in the 
Table 21, Average crop yields by consuming regions in 1980 
for Solution I and Solution II 
Region Wheat Com Oats Barley Soybeans Silage 
(bu. ) (bu.) (bu.) (bu. ) (bu. ) (ton: 
Solution I 
NE 94.2 60.4 28.2 5.1 
AP - — — 55.5 32.6 4.6 
SE - — — 27.3 3.8 
DL 38.1 — — — — 26.9 4.8 
CB 46.9 — — 56.0 34.1 5.5 
LK 39.9 — — 53.0 24.2 4.0 
NP 28.3 — — 46.0 27.4 6.3 
SP 28.9 — — - 29.2 5.2 
MT 37.5 — — 43.4 - 5.9 
PC 36.5 82.4 47.8 - 7.9 
US 34.3 92.6 48.1 30.8 5.3 
Solution II 
NE 36.6 60.4 26.5 5.1 
AP - — — 55.5 28.7 4.7 
SE 39.0 — — 32.5 27.1 3.9 
DL 34.3 — — - 27.3 4.6 
CB - — — 56.0 33.1 5.4 
LK 45.2 — — 59.7 23.0 3.6 
NP 30.5 — — — 26.2 6.3 
SP 26.9 — — — 29.9 5.1 
MT 29.8 — — 43.4 — 6.2 
PC 36.6 82.4 47.8 - 6.4 
US 31.3 82.4 47.9 29.6 5.1 
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Feed grains 
Tame Wild Grain 
hay hay Cotton Com Oats Barley sorghum 
tons ) (tons) (lb. ) (bu. ) (bu. ) (bu. ) (bu. 
Solution I 
2.0 73.8 46.2 50.0 
2.0 - 539.6 80.5 51.9 50.0 64.0 
2.6 - - 58.5 37.2 41.3 52.2 
2.0 - 699.8 50.2 78.3 40.0 48.5 
3.3 - 585.5 102.5 71.3 50.1 96.9 
3.1 1.2 - 80.0 66.3 57.0 — 
3.3 .8 - 77.9 50.4 39.5 62.1 6.2 1.3 - 52.0 34.1 29.4 53.7 
2.7 .9 — 96.2 63.8 64.6 72.4 
5.3 1.1 1304.3 - - - -
3.3 .8 780.9 89.8 61.3 37.8 57.6 
Solution II 
2.0 — 82.6 63.6 53.2 
2.0 - - 73.0 50.9 52.4 64.8 
2.6 - 506.8 55.3 37.2 41.8 49.5 
2.0 - 699.8 43.0 71.4 38.7 46.8 
3.3 - 585.5 100.5 69.2 42.1 92.9 
2.9 1.2 - 76.7 61.9 51.6 -
3.4 .8 - 72.3 50.2 38.0 57.8 
4.1 1.3 - 53.2 33.1 28.4 54.2 
3.4- 1.0 - 96.2 50.3 49.6 50.6 
4.4 1.1 1304.3 - -
3.0 .9 776.7 85.1 58.2 39.4 56.0 
Table 22, Range of land rents by consuming regions^  
Cropland rent Havland rent Wild havland rent 
Region Solution I Solution II Solution I Solution II Solution I Solution II 
($ per acre) 
NE .38-1.18 2.33-4.59 - - - -
AP .16-1.22 .78-5,40 .32-1.52 .71-2.75 — -
SE .08- .71 .90-5.23 .15- .20 .17- ,28 - -
DL .01-1.81 2.17-9.43 .02-1,76 .05-1.09 - -
CB .11-1.82 2.73-8.41 .49-2.33 .15-2.41 - -
LK .57-1.83 .70-6.18 .30-1.88 .04-2,89 .07- .80 .12-1.35 
NP .04-1.42 .41-6.74 .29- .46 .04-2.06 .01- .41 .01- .83 
SP^  .02- .80 1.20-3.68 .50-2.57 .46-3.18 .21-1.89 .08-3.61 
MT^  .30-3.64 .09-5.12 .15-3.29 .45-3.25 .03- .19 .02- .33 
PC^  .22-3.09 1.65-5.97 .72-1.42 .14-3.72 .02- .87 .29-1.14 
M^easured in I963-65 dollars. 
I^ncluding irrigated land. 
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Table 23. Interregional shipments of intermediate 
commodities 
Region 
Feed 
grains Oilmeals Calves Yearlings 
NE 
AP 
SE 
ÛL 
CB 
LK 
NP 
SP 
MT 
PC 
(mil. 
tons ) 
-8.4 
8.4 
(mil. 
tons ) 
Solution I 
- 1.35 
- 1.28 
— 1.86 
- 8.79 
11.27 
- 0.41 
2.42 
(mil. 
heads) 
.27 
2.01 
- 0.71 
- 5*65 
1.17 
-0.01 
10.83 
- 1.51 
(mil. 
heads) 
-0.48 
0.48 
0.07 
0.51 
-0.99 
Solution II 
NE 
AP 
SE 
DL 
CB 
LK 
NP 
SP 
MT 
PC 
- 7.42 
9.37 
-1.95 
— 0. 2D 
-17.37 
12.92 
4.71 
0.26 
1.62 
0 . 0 2  
5.64 
2.14 
2.69 
4.29 
-3.10 
+3-10 
N^egative quantities are net imports. 
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Table 24. Actual I963-65 soybean acreage, net changes in 
estimated I98O acreages, and the acreage distribu­
tion by regions 
(1) (2) (3) 
Net changes Net changes 
Actual from (1) to from Sol. I 
Region 1963-65 Sol. 1° to Sol. lib 
(1000 acres) 
iNK 427 - 156 + 1548 
AP 1895 - 79 + 2864 
SE 1140 + 2257 + 160 
DL 5166 - 1461 + 955 
CB 17417 + 8912 + 6779 
LK 3297 + 2844 + 2327 
NP 1734 + 3501 + 4008 
3P 209 + 1674 - 618 
MT - — — 
PC - - -
US 31285 +17488 +18027 
Acreage distribution 
NE .01 .01 .03 
AP .06 .04 .07 
SE .03 .07 .05 
DL .17 .08 .07 
CB . 56 .54 .50 
LK .11 .13 .13 
NP .06 .11 .14 
SP .01 .04 .02 
MT — — — 
PC 
S^ource (60, 62). 
D^erived from Table 19• 
Kmw ; 1% 
00 
Figure 6. Location of soybean acreage in 1980 Solution I 
Figure 
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Appalachia region has entirely replaced the cotton acreage in 
that region. Soybeans even expand across the areas of de­
clining rainfall in the Northern Plains. 
The regional prices of soybeans, calculated from the 
prices of TDN, protein and oil for the two solutions are pre­
sented in Table 25. Oilmeals are mainly shipped from the Corn 
Belt and Northern Plains to the Delta region for international 
export and for feed use (Table 23). 
Feed grains 
Much of the change in programmed acreage for food grains 
(com, oats, and barley for food) has occurred due to the 
change made in structure of the model as described in Chapter 
II. The estimated domestic demand for com and oats for food 
as shown in Table 21 is almost satisfied by corn and oats 
productions from feed grain production activities. 
In Solution I, the national feed grain acreage is 98 
million acres which is much lower than the actual 1963-65 
acreage, 13I million acres (Table 26). The acreage distribu­
tion of feed grains in 1980 is however close to the actual 
1963-65 regional acreage distribution (Figure 8). 
To satisfy a net increase of 32 million tons of feed 
grain exports (Level II), a net increase of 15 million acres 
of feed grains is required in Solution II. Most of the 
acreage expansion is in the Com Belt, Northern Plains and 
Appalachia regions (Figure 9). Similar acreage shifts between 
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Table 25» Estimated prices of oilmeal and soybeans in 1980 
for Solutions I and II by consuming regions, mea­
sured in 1963-65 dollars 
1980 Solution I 1980 Solution II 
Region 
Oil 
price 
Oilmeal 
price 
Soybean 
price 
Oil 
price 
Oilmeal 
price 
Soybean 
price 
$/cwt. $/ton $/bu. $/cwt. $/ton $/bu. 
NE 16.70 37.33 2.67 22.94 126.56 5.46 
AP 16.67 36.13 2.64 22.91 126.11 5.45 
SE 16.39 31.87 2.51 22.63 129.90 5.51 
DL 16.34 31.69 2.50 22.58 129.72 5.50 
CB 15.52 25.71 2.27 21.76 123.74 5.27 
LK 15.94 34.11 2.46 21.68 128.62 5.37 
NP 15.59 24.63 2.25 21.63 122.66 5.23 
SP 16.47 29.20 2.46 22.51 52.73 3.66 
MT 16.57 35.07 2.61 22.61 128.63 5.47 
PC 16.91 37.99 2.71 22.95 118.35 5.27 
US 16.27 35.95 2.34 22.46 123.05 5.29 
Oil prices are the estimated equilibrium prices. Oil­
meal prices are computed from shadow prices of TDN and protein 
(Table 11). Soybeans are 78^  of soybean oilmeal and there 
are 0.779 lbs. TDN and 0.447 lbs. protein per pound of soy­
beans, and 10.7 lbs. soybean oil per bushel of soybeans (23). 
Soybean prices are computed accordingly. 
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Table 26. Actual 1963-65 feed grain acreage, net changes in 
estimated I98O acreages^, and the acreage distribu­
tion by regions 
(1) (2) (3) 
Net changes 
Actual Solution I from Sol. I 
Region 1963-65 1980 to Sol. II 
(1000 acres) 
ne 3145 5122 - 2785 
ap 4424 2407 + 4127 
SB 3650 3675 + 652 
dl II83 696 + 888 
cb 45170 29164 + 6526 
lk 24181 11559 + 1403 
np 32879 26969 + 5111 
sp 8331 9341 + 179 
mt 4416 7183 - 675 
pc 3225 1757 - 321 
US 130604 97872 +15106 
Acreage distribution 
ne .02 .05 .02 
ap 
.03 .03 .06 
se .03 .04 .04 
dl .01 .01 .01 
cb 
.35 .30 .32 
lk .19 .12 .12 
np 
.25 .28 .28 
sp .06 .10 .08 
mt .03 .07 .06 
pc .02 .02 .01 
^Source ( 6 0 ,  62). 
^Derived from Table 19. Feed grains include com, oats 
and barley acreages for food use. 
w areas . region 26 = 500,000 acres non-irrigated 
=' 500,000 acres irrigated 
00 
o 
Figure 8. Location of feed grain acreage in 1980 Solution I 
loï areas • region 0^0,000 acres non-irrigated 
^00,000 acres irrigated 
CO 
-v3 
Figure 9. Location of feed grain acreage in 1980 Solution II 
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wheat and soybeans in the Corn Belt have been mentioned 
earlier, and hence feed grains are also expanded together 
with soybeans because of the joint product nature of soybean 
and feed grains. The expansion of feed grains into the tra­
ditional wheat growing areas of the Northern Plains also 
occurs because of the same reason as in the Corn Belt, the 
association of feed grains and soybeans in the model. The 
same phenomenon also occurs in the Appalachia region. How­
ever, production of feed grains in the Northeast region is 
substantially reduced because wheat has replaced feed grain 
acreage and similarly so in the Mountain States. 
The estimated regional prices of com, oats, barley, 
and grain sorghum are presented in Table 27. The prices of 
com, oats, and barley are associated with equilibrium 
quantity demanded in the optimal solution. Prices of sorghum 
can only be computed from the component prices of TDN and 
protein according to Morrison (23). A cross check of two sets 
of feed grain prices in each solution, (A) calculated from the 
equilibrium prices of com, oats, and barley and the prices of 
grain sorghum calculated from TDN and protein prices in Table 
11 and (b) calculated entirely from the component prices of 
TDN and protein, shows the consistency of the solution prices 
in the model. Only a slight discrepancy in prices of feed 
grains in the Pacific region in Solution I and in the Com 
Belt and Mountain states in Solution II. The estimated price 
of feed grains in the Northern Plains is the lowest in the 
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Table 27, Estimated prices of feed grains in I98O for Solu­
tions I and II by regions, measured in 1963-65 
dollars 
Feed grains 
Region Com^  Oats^  Barley^  
VJidXil -u 
sorghum (A)C (B)4 
($/bushel) 
Solution I 
m 1.06 .54 .86 1.06 1.05 1.05 
AP 1.03 .53 .86 1.03 1.02 1.02 
SE .91 .44 .80 .91 .90 .90 
DL .91 .44 .82 .91 .90 .90 
CB .74 .36 . 66 .74 .73 .73 
LK .92 .45 .74 .91 .91 .90 
NP .70 .34 . 56 .69 .69 .69 
SP .84 .41 .68 .84 .83 .83 
MT .81 .41 .67 .80 .80 .20 
PC 1.12 .86 .88 1.09 1.10 1.08 
US 
.95 .49 .79 - .85 .84 
Solution II 
NE 1.25 .73 1.17 1.13 1.23 1.23 
AP 1.21 .71 1.13 1.09 1.19 1.19 
SE 1.10 .67 1.12 .98 1.08 1.08 
DL 1.10 . 66 1.18 .98 1.08 1.08 
CB 
.93 .58 1.43 .80 .93 .91 
LK 1.11 .67 1.06 .98 1.09 1.09 
NP .89 .56 .88 .76 .87 .87 
SP 1.27 .63 1.04 1.25 1.25 1.25 
MT 
.95 .60 .95 .82 .93 .94 
PC 1.39 .90 1.25 1.30 1.37 1.37 
US 1.16 .70 1.18 - 1.06 1.05 
Estimated equilibrium prices for food use. 
G^rain sorghum prices are computed from component prices 
of TDN and protein in Table 11 according to Morrison (23). 
P^roportions of com, oats, barley and grain sorghum con­
tained in feed grains are assumed to be 0.804-06, O.OO778, 
0.04561 and 0.14255, respectively. Feed grain prices are com­
puted from prices listed in this table according to the above 
proportions. 
F^eed grain prices are computed from shadow prices of TDN 
and protein in Table 11. 
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U.S. The interregional flows of feed grains also occur only 
frcm the Northern Plains to the Delta region in Solution I 
and to the Delta and Southern Plains in Solution II for ex­
ports and feed use (Table 23). 
Wheat produetion 
In Solution I, the estimated wheat production for 1980 
is 1,519.8 million bushels including 1,000 million bushels for 
lo^ nercial exports. There are 33 million bushels of wheat 
estimated for feed use in the Mountain region. The actual use 
of wheat for feed was 68.8 million bushels in 1964, and was 
increased to 213.8 million bushels in I969 (58). The compara­
tive advantage of wheat for feed relative to other feed grains 
in Solution I is partly from the higher protein content of 
wheat relative to other feed grains and partly from the rela­
tively lower price of wheat in the Mountain states (Table 28). 
However, wheat for feed in Solution II has entirely disappeared 
for the loss of the above comparative advantage. 
Under the level of wheat production in Solution I, 40.2 
million acres with an average yield of 3^ .3 bushels per acre 
are required, as compared to 47.3 million harvested acres with 
the average yield of 32.7 bushels per acre in 1972 (50). The 
regional allocation of wheat acreage in Solution I differs 
substantially from the actual 1963-65 allocation (Table 29). 
Figure 10 shows the distribution of wheat acreage. Although 
the modification of the cost data puts wheat production in 
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Table 28. Equilibrium prices of wheat in 1980 for Solutions 
I and II by regions, measured in I963-65 dollars 
Region Solution I Solution II 
($/bu.) 
NE 1.29 1.96 
AP 1.27 1.94 
SE 1.23 1.64 
DL 1.24 2.02 
CB 1.00 1.91 
LK 1.15 1.73 
NP .94 1.61 
SP 1.04 1.90 
MT .90 1.40 
PC 1.49 2.20 
US 1.21 1.97 
Kansas and Nebraska, wheat production in the Northern Plains 
is substantially decreased as compared with actual level of 
production during I963-65 period. 
The most interesting feature of the regional allocation 
pattern of crop production is the change in the allocation of 
wheat production between Solution I and Solution II. The loss 
of the comparative advantage for wheat in the Northern Plains 
in Solution I is regained in Solution II. and wheat production 
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Table 29. Actual 1953-55 . 1963-65 wheat acreages, net 
changes in estimated 1980 acreages®, and the 
acreage distribution 
(1) (2) (3) (^ ) 
Net change Net change 
Actual Actual from (2) to from Sol.I 
Region 1953-55 1963-65 Sol. I, I98O to II, 1980 
(1000 acres) 
NE 1416 838 - 838 + 1948 
AP 1191 707 - 707 — 
SE 324 226 - 226 + 1283 
DL 110 493 - Ill - 124 
CB 6642 5821 + 998 - 6819 
LK ' 2014 1885 2 + 1778 
NP 24576 20593 - 9296 + 8004 
SP 7044 7238 + 4662 + 8013 
MT 9316 9258 - 7830 + 7531 
PC 3836 3217 + 3233 + 293 
US 56495 48276 -10123 +21909 
Acreage distribution 
NE .03 .02 — .03 
AP .02 .01 — 
SE .01 — — .02 
DL — .01 .01 — 
CB .12 .12 .17 — 
LK .04 .04 .05 .06 
NP 144 .43 .28 .31 
SP .12 .15 .30 .32 
MT .16 .15 .04 .14 
PC .07 .07 .16 .11 
S^ource (63, 6I). 
S^ource (60, 62). 
D^erived from Table I9. 
% 65 
(0) areas • region • = 500,000 acres non-irrigated 
• = 500,000 acres irrigated 
vo 
VuJ 
Figure 10. Location of wheat acreage in 1980 Solution I 
iLir, 
(0^ areas • region 
acres non-irrigated 
vo 
Figure 11. Location of wheat acreage in 1980 Solution II 
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expands again into the North and South Dakota states. Except 
in the Corn Belt, Delta and Appalachia regions, wheat produc­
tion expands into all other regions, including an additional 
1.5 million acres into the western irrigated states (Table 20). 
As a result of expansion of wheat exports, wheat production is 
concentrated in the Great Plains areas as shown in Figure 11. 
Harvested roughages 
The estimated 51 million acres of roughages in 1980 for 
both solutions are less than 76 million acres in 1963-65 
(Table 30). The estimated average per acre yields for silage, 
tame hay and wild hay are respectively 5«3» 3«3 and 0.8 tons 
in Solution I (Table 21). The actual per acre yields in I96O-
64 for silage, tame hay and wild hay were respectively 3«38, 
1.77 and 0.9 tons (60). The reduction in roughage acreage is 
consistent with Stoecker's yield projection, which is based on 
research efforts having the effect of increasing yields of 
silage. 
Cotton 
The estimated cotton acreage total 7.5 million acres is 
distributed in the Appalachia, Delta and Pacific regions 
(Table 19) in Solution I. In Solution II, the entire cotton 
acreage in Appalachia has shifted to the Southeast region, as 
feed grains and soybeans substitute for cotton production in 
the Appalachia region. The estimated per acre yields of 
cotton lint in I98O are 780.9 pounds in Solution I. These 
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Table 30. Regional production pattern of harvested rough­
ages^  in 1980 with actual I963-65 acreaige 
Actual , Solution I Solution II 
Region 1963-65 1980 1980 
(1000 acres) 
NE 8300 3172 3131 
AP 5844 3834 3721 
SE 1662 1433 1395 
DL 1893 1574 1477 
CB 12642 7468 7648 
LK 11762 11723 10652 
NP 17949 10305 11363 
SP 4129 1889 1785 
MT 8312 6803 5958 
PC 3937 2786 3651 
US 76467 50986 5078O 
Acreage distribution 
NE .11 .06 .06 
AP .02 .03 .03 
SE .02 .03 .03 
DL .02 .03 .03 
CB .17 .15 .15 
LK .15 .22 .21 
NP ,23 .20 .22 
SP .05 .04 .04 
MT .11 .13 .12 
PC .05 .05 .07 
a^me hay, wild hay, sorghum silage, com silage, and 
com forage. 
S^ource (60, 62). 
97 
projected yields are substantially higher than the actual 
yields of 507 pounds per acre obtained in 1972 (50)» This 
result is strongly influenced by the projected high irrigated 
yields in the Pacific region with 1,304.3 pounds of cotton 
lint per acre. 
Regional allocation of livestock production 
The estimated regional allocations of livestock produc­
tion in 1980 for both solutions compared with actual I965 level 
are given in Table 31» The results in Solution I are similar 
to the Stoecker's solution, since all the livestock data used 
in the present model and the Stoecker model are identical. 
Effects of the increased grain exports on regional 
allocation of livestock production are indicated in Table 31» 
In general, livestock production is down, particularly fed 
cattle has decreased million heads from Solution I to 
Solution II. The projections show the number of milk cows 
dropping from 17*5 million heads in I965 to 10.2 million heads 
in Solution I and to 10.1 million heads in Solution II. The 
fact that dairy production would decline even in the absence 
of foreign trade shows the existing trends in dairy production. 
The high feed grain prices resulting from the increased grain 
exports would help to amplify the trend already present in 
the dairy production. Although many regions are not affected 
by the increased grain exports, the Lake states, Southern 
Plains, Appalachia and Pacific regions are substantially 
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Table 31. Estimated regional livestock production patterns 
in I98O compared with actual 1965 livestock pro­
duction 
Net changes 
Actual Solution I from Sol. I 
Region 1965% 1980 to II, 1980 
Beef cows (in 1000 heads) 
NE 232 276 
AP 2436 3091* - 586 
SE 2449 3219 -
DL 2567 3554 -
CB 4218 5837 -
LK 801 1233 - 603* 
NP 6060 7923 -
SP 7031 10265 -
MT 5007 6736 -
PC 1995 2628 -
US 32796 44762 -1189 
Milk cows (in 1000 heads) 
NE 3193 1706* - 10* 
AP 1701 414* - 6* 
SE 699 390* 
- 5* 
DL 736 191* 2* 
CB 3015 776* - 10* 
LK 4458 5508 - 502* 
NP 1130 812* 
- 75* 
SP 735 268* 2* 
MT 639 167* 1* 
PC 1269 635* + 547* 
US 17575 10236 - 67 
S^ource (45). 
•Capacity not exhausted in the solution. 
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Table 31, (Continued) 
Net changes 
Actual Solution I from Sol. I 
Region 1965^  1980 to II, 1980 
Hogs (1000 cwt. live weight) 
NE 2676 4835 - 3366 
AP 12434 15017* -11372* 
SE 7409 10419 -
DL 2272 5620 -
CB 107147 122231 — 
LK 20024 18684* - 1722* 
NP 22188 27707 — 
SP 3114 7344 -
MT 1942 3203 -
PC 1209 846* -
US 180415 215905 -17305 
Fed cattle (1000 heads) 
NE 113 296 
AP 158 178 — 
SE 225 372 -
DL 51 160 - 160* 
CB 3536 9653* -
LK 821 1530 - 1530* 
NP 1936 5883 -
SP 603 2079 - 2079* 
MT 1357 4223 — 
PC 1147 4149* - I87I* 
US 9979 28523 - 5640 
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affected by the relatively higher feed grain prices in 
Solution II. In these regions, the reduced employment of 
labor and capital as mentioned earlier has an income effect 
on the businesses in the rural communities which are dependent 
upon the livestock sector. 
Analysis of the shadow prices (rents) on livestock 
capacities (Table 32) indicates that the strongest incentive 
for livestock production would be in the Northern Plains. 
The shadow price indicates returns over all costs of produc­
tion. The high shadow prices for beef cows, hogs and fed 
cattle in the Northern Plains are however due to the lower 
relative price of feed grains and oilmeals (Table 25 and 
Table 2?) in this region. 
101 
Table 32. Estimated rents^  on livestock capacities in 1980 
Region 
Beef cow 
capacities 
(head) 
Hog 
capacities 
(cwt.) 
Dairy-
capacities 
(head) 
Fed beef 
capacities 
(head) 
NE 
AP 
SE 
DL 
CB 
LK 
NP 
SP 
MT 
PC 
9.01 
68.57 
71.60 
50.11 
.92 
83.63 
61.71 
72.45 
36.68 
($ per unit) 
Solution I 
.07 
2.08 
2.64 
2.50 
3.77 
.94 
2.78 
1.44 
20.64 
12.57 
22.79 
3.84 
18.74 
29.83 
7.70 
25.47 
NE 
AP 
SE 
DL 
CB 
LK 
NP 
SP 
MT 
PC 
17.63 
74.16 
78.70 
59.40 
92.18 
71.65 
83.73 
44.36 
Solution II 
1.88 
2.73 
2.24 
3.53 
1.38 
3.07 
16.80 
4.61 
17.47 
13.40 
21.61 
19.99 
M^easured in I963-65 dollars. 
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CHAPTER V. SUMMARY AND CONCLUSIONS 
This chapter summarizes the results of the present study 
of quadratic programming models of U.S. agriculture in 1980 
with alternative levels of grain exports. It also states 
general conclusions drawn from the results. 
Summary 
The world grain market during the 1972-74 period was in­
fluenced strongly by the energy crisis, dollar devaluation, 
and the Soviet Union's massive grain purchase. These develop­
ments have significantly pushed up food prices and raised farm 
income in general. The U.S. farmers* dependence on Government 
payments, which cost millions of dollars in public funds in 
the past, has disappeared during this period. An agricultural 
policy of encouraging farm exports under a free market system 
is now being encouraged to both benefit farmers and improve 
the balance of payments. 
In light of these developments in agriculture, the primary 
objectives of the present study are to determine the equilibri­
um farm level prices and the associated quantities demanded 
for the principal crops and livestock products of U.S. agri­
culture in 1980 and to determine the extent of and the geo­
graphical distribution of potential capacity of U.S. agricul­
ture under a free market system. A secondary objective is to 
determine what effect an alternative level of wheat, feed 
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grain and soybean exports would have on these equilibrium 
values in 1980. 
To achieve these objectives, a basic quadratic programming 
model for the U.S. agricultural sector is set up. For this 
model, the continental U.S. is first divided into 10 consuming 
regions and these regions coincide with 10 livestock producing 
regions. These regions are further subdivided into 103 crop 
producing areas. Ten regional irrigation areas are also 
defined for the 17 Western States. Commodities included in the 
study are listed in Table 2. 
The basic ingredients of the model are: (1) a set of 
production activities and a set of resource constraints which 
limit the production of each producing unit, a set of trans­
portation activities and a set of transportation costs which 
connect the regions for commodities which are mobile, and 
these production and transportation activities contribute to 
supplies of commodities in each consuming region; (2) a set 
of linear regional demand functions which specify the consump­
tion of each consuming unit; and (3) the concept of maximizing 
aggregate net profit of the agricultural sector is used as a 
basis to deduce the price and allocation conditions for a 
spatial equilibrium. The model can be visualized as that 
production, transportation, and consumption sectors all act in 
unison to determine the competitive prices and allocations. 
The basic model just described is developed by Plessner, Hall 
and Stoecker under the supervision of Heady (14,25,30). 
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However, in addition to the Stoecker model, the present model 
explicitly assumes that corn, oats, and barley for food use 
are perfect substitutions for corn, oats, and barley for feed 
use, respectively, and vice versa. This particular assump­
tion has eliminated discrepancies in solution prices for these 
products between food use and feed use in the Stoecker model. 
This modification has also made the grain markets competitive. 
The complete description of the present model is presented in 
Chapter II. 
The coefficients required for the present model repre­
sentative of U.S. agriculture in 1980 are mainly borrowed from 
the Stoecker study (30)• The emphasis of the data base es­
tablishment in Chapter III is in areas where refinements of 
the basic background data are needed. In addition, two levels 
of wheat, feed grain and soybean exports are assumed for the 
purpose of the study (Table 1). These levels of grain exports 
are defined as commercial exports and are exogenous to the 
model. Net commercial exports of cotton are set at 1964 level. 
The empirical results of the present study are presented 
and interpreted in Chapter IV. These results consisted of 
two optimal solutions of the model: Solution I in which grain 
exports set at Level I and Solution II in which grain exports 
set at Level II. A very brief summary of these results are 
presented in the sections that follow. 
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1980 Solution % under grain exports Level I 
Under the free market model, the U.S. agriculture sup­
plies domestic demand for a population of 229 million in 1980, 
export demands for wheat and feed grains at about 1972 level, 
and export demands for soybeans 58^  higher than that of 1972 
level. Export markets are assumed to accept all Level I of 
grain exports at the solution prices of the model. Under 
these conditions, estimated equilibrium prices and the asso­
ciated quantities demanded for the desired commodities are 
presented in Table 8. Estimated equilibrium prices are in 
general lower than actual 1963-65 and 1968-70 market prices, 
with the exception of vegetable oil because of the assumed 
increase in oil equivalent of soybean exports, as expected. 
Solution I is substantially improved when the solution values 
are compared with the Stoecker's initial solution (Table 10). 
In particular, the equilibrium price of vegetable oil at 
$16.27 per cwt. is a significant improvement as compared 
with $0.80 per cwt. in the Stoecker's I98O solution. 
In the optimal solution of the model, each commodity is 
produced in the region or area where it has the greatest 
comparative advantage under the spatial competition. Even 
though domestic and total demand increase to 1980, not all 
cropland available (26l million acres projected for I98O) is 
needed in Solution I, because increases in productivity from 
the optimal allocation of production and from increases in 
projected crop yields allow production to increase over the 
106 
growth in domestic and export demands. Wheat production re­
quires 40.2 million acres with an average yield of 3^ »3 
"bushels per acre. Feed grains (including corn, oats and 
barley for food) require 98.9 million acres. Although the 
export demand for soybeans is assumed to increase 58^  over 
1972 level, the 1980 acreage needed to meet both domestic 
and export demands is 48.8 million acres with an average yield 
of 30.8 bushels per acre, as compared to 4^ .8 million harvested 
acres with the average yield of 28.8 per acre in 1972. 
Excess capacity of cropland, defined as cropland not 
needed to fill the demand level in the optimal solution, totals 
59 million acres. The excess capacity at this demand level is 
even greater than the averaged 56.6 million acres of cropland 
retired under Government programs during I96I-7O. This mag­
nitude of unused cropland in Solution I provides information 
on which to base potential increases in grain exports. 
1980 Solution II and effect of higher level of grain exports 
The same free market model and the data are used to es­
timate the U.S. agricultural output in I98O except that grain 
exports are assumed at Level II. Under these conditions, 
wheat acreage is expanded to 61.0 million acres with total 
production of 2.0 billion bushels. Peed grains require 
112.9 million acres with total production of 7917.4 million 
bushels. Soybean acreage is increased to 66.8 million acres 
with production total 1976.1 million bushels. Under these 
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increases the unused cropland is reduced to 4.5 million acres. 
From Solution I to Solution II, the estimated wheat 
prices vary from $1.21 per bushel to $1.97 per bushel; feed 
grains rise from $0.85 per bushel to $1.06 per bushel; and 
soybean prices increase from $2.^ 4 per bushel to $5.29 per 
bushel. 
Because the present model is formulated for the entire 
grain-feed-livestock sector of U.S. agriculture with all its 
interrelations between the different types of production, a 
comparison of the solutions will give a clear picture of the 
effects of increased export levels on optimal demand, produc­
tion, transportation, returns to resources, and prices. The 
results of this comparison have been presented in Chapter IV. 
The specific effects of higher levels of grain exports on 
prices, per capita consumption and value of production are 
summarized in Table 12. As expected and without surprise, all 
estimated prices increase in general with the higher level of 
grain exports. Given a fixed level of per capita disposable 
income, per capita consumption of meat and poultry products 
declined substantially. Per capita consumption of food 
grains (wheat, com, oats and barley) however are unchanged, 
because demand for food grains is assumed to be inelastic 
with respect to changes in prices. Also, value of 
production in general increased with the higher level 
of grain exports. The value of production of beef, 
calves, pork and dairy products also increased despite 
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the decline in total domestic demand. 
When the results for the crop sector are considered, 
continued increases in export demand for wheat will expand 
wheat acreage into the Northern Plains and Southern Plains. 
The 50fo of the national soybean production would be located 
in the Com Belt at Level II of foreign demands. Expansion 
of the soybean acreage to its maximum level in the Com Belt 
has also caused the expansion of feed grain production in the 
Corn Belt, because of the joint production activities for 
soybean-feed grain rotation defined in the model. However, 
feed grain production also expanded into the Northern Plains 
and Lake states. The optimal production pattems for both 
solutions are shown in Figure 6 through Figure 11. For 
livestock, the optimal production pattems for both solutions 
are summarized in Table 31. Livestock production is sub­
stantially reduced at Level II of grain exports due to higher 
feed grain prices and the fixed level of per capita disposable 
income assumed in the model. 
Conclusions 
The results of the present study, based on the projected 
yield trends and the hypothesized grain exports, indicate 
that U.S. agriculture should not be faced with strain on food 
producing capacity relative to needs in the year I98O. Rather, 
the estimates suggest that, even by increasing the level of 
grain experts substantially, U.S. farmers still could be faced 
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with the excess supply capacity relative to food demands. 
Magnitudes of the excess capacity will largely depend upon 
future demands for U.S. grain exports relative to market 
prices acceptable by U.S. farmers. 
Under Level I of grain exports, the unused cropland is 
estimated at 59 million acres. This large production capacity 
in 1980 is more likely to cause surplus potential than domes­
tic food shortage under a free market system. If grain ex­
ports were at Level II, the idled cropland would be reduced to 
4-.5 million acres (i.e., effectively, full employment of land). 
From the results summarized in the previous section, prices 
received by farmers for most crops and livestock products 
would rise with higher levels of grain exports. Although 
the level of farm income would depend upon the number of farms 
in 1980, farmers would in general benefit from rising levels 
of grain exports. Food costs would however rise, and hence 
the fixed income class would suffer. The decline in livestock 
production resulting from increasing levels of grain exports 
would mean that some livestock producers could go out of 
business under the pressure of increasing feed grain prices 
and decreasing demand for livestock products, while per capita 
income of those producers remaining in livestock could in­
crease even more because the aggregate would be shared among 
a smaller number. This possible situation illustrates the 
importance of having a model in which farm sizes also .are 
considered. 
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The present study was one of policy analyses based on 
quadratic programming models of U.S. agriculture under a free 
market system. The resulting model and data performed rea­
sonably well given the assumed levels of grain exports. The 
basic free market policy model has been completed. However, 
limitations are inevitable. Limitations relating to the model 
were discussed in detail in Chapter II. For example, the 
estimated protein prices in the Com Belt vary from $0.80 per 
ton in Solution I to $239.46 per ton in Solution II. Although 
the estimated feed grain and soybean prices, computed from the 
component prices of TDN and protein, were not distorted by 
this huge variation but it did indicate a limitation in the 
model. Further research on improvements to the structure of 
the model is evidently required. Also refinements on esti­
mated demand functions, technical and costs data are always 
needed. Further efforts to determine the important variables 
relating to environmental problems would make this type of 
model completely operational for evaluating policy choice. 
Ill 
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119 
Table 33. Rotation weights for feed grains and soybeans 
Feed Feed 
Areas grains Soybeans Areas grains Soybeans 
1 .49 .51 44 .36 .64 
2 .09 .91 45 .10 .90 
3 .50 .50 46 .50 .50 
4 - - 47 .50 • 50 
5 .29 .71 48 .25 .75 
6 .50 .50 49 .29 .71 
7 .41 .59 50 .16 .84 
8 .50 .50 51 .10 .90 
9 .50 .50 52 -
10 .50 .50 53 — — 
11 
.33 .67 54 .34 . 66 
12 .50 .50 55 .44 .56 
13 .15 .85 56 .14 .86 
14 .50 .50 57 .25 .75 
15 .41 .59 58 
16 
.33 .67 59 .50 .50 
17 .50 .50 60 
18 .04 • 96 61 .34 . 66 
19 .23 .77 62 .50 .50 
20 .17 .83 63 .48 .52 
21 .50 .50 64 .20 .80 
22 .87 .13 65 .17 .83 
23 .50 .50 66 
24 .84 .16 67 .26 .74 
25 .61 .39 68 
26 .50 .50 69 • 50 .50 
27 .58 .42 70 
28 .50 .50 71 — _ 
29 .43 .57 72 — 
30 .50 .50 73 — — 
31 .50 .50 74 .12 .88 
32 .50 .50 75 — 
33 .50 .50 76 — 
34 .37 .63 77 — — 
35 .50 .50 78 
36 .52 .48 79 — 
37 .50 .50 80 — 
38 .50 .50 81 — 
39 .50 .50 82 .50 .50 
40 .50 .50 83 
41 .41 
.59 84 
42 .50 .50 85 — 
43 .28 .72 86 — _ 
120 
Table 33* (Continued) 
Feed Feed 
Areas grains Soybeans Areas grains Soybeans 
87 - - 96 
88 - - 97 
89 - - 98 
90 - - 99 
91 - - 100 
92 - - 101 
93 - - 102 
94 - - 103 
95 - -
121 
Table 3^ « Estimated costs of wheat production activities by 
103 crop producing areas in I98O measured in I963-
65 dollars 
Area Cost Area Cost Area Cost 
($ per acre) 
1 50.00 43 42.19 85 20.57 
2 49.58 44 39.77 86 30.58 
3 49.30 45 37.22 87 21.16 
4 — 46 39.23 88 21.08 
5 66.76 47 38.13 89 34.92 
6 58.91 48 37.87 
49.99 
90 39.70 
7 72.71 49 91 35.97 
8 69.99 50 39.65 92 38.50 
9 71.13 51 37.13 93 -
10 62.85 52 41.70 94 -
11 60.15 53 31.55 95 26.31 
12 55.67 54 31.69 96 56.56 
13 65.24 55 32.16 97 35.15 
14 54.22 56 31.69 98 28.90 
15 61.08 57 37.08 99 31.95 
16 53.56 58 25.20 100 39.08 
17 5^.75 59 26.23 101 -
18 54.28 60 28.11 102 28.92 
19 65.65 61 40.11 103 44.08 
20 48.65 62 40.05 
21 44.99 63 37.62 
22 4o. 66 64 32.08 
23 38.97 65 26.78 
24 37.46 66 17.62 
25 37.79 67 26.75 
26 47.03 68 26.93 
27 44.70 69 27.01 
28 42.75 70 25 = 24 
29 46.41 71 25.50 
30 39.05 72 18.67 
31 40.10 73 28.74 
32 37.24 74 29.80 
33 43.22 75 26.16 
34 41.30 76 35.08 
35 39.66 77 38.48 
36 38.46 78 33.65 
37 48.03 79 -
38 38.63 80 30.80 
39 35.77 81 -
40 34.58 82 34.07 
41 33.38 83 23.97 
42 53.89 84 18.91 
Table 35» Summary of equilibrium prices, production, consumption and net exports 
by consuming regions, 1980 Solution I 
Domestic Consump-  ^
Farm ^  Total consump- tion per Inter- Inter-
Region price demand tion^  capita Production regional national 
Cattle 
NE 27.74 119.80 125.97 2.06 6.34 -113.46 6.16 
A? 27.54 35.67 35.67 1.76 9.51 - 26.15 -
SE 26.98 35.93 35.93 1.78 22.87 - 13.06 -
DL 26.68 14.37 13.86 1.71 26.52 12.15 0.51 
CB 26.44 79.27 79.27 2.06 113.70 34.43 -
LK 26.77 38.33 39.15 2.02 33.96 - 4.37 - 0.81 
NP 26.22 9.79 9.79 1.88 77.42 67.63 -
SP 26.12 29.19 29.19 1.89 33.32 4.14 -
MT 25.82 18.48 18.48 1.92 57.18 38.70 -
PC 25.82 51.04 68.27 2.19 41.04 - - 17.24 
US 26.85 431.86 455.57 1.99 431.86 - - 23.70 
Total demand, domestic consumption, production and net exports are in the 
following units I cattle, calves, hogs, fluid milk, manufactured milk, oil, sheep 
and lambs, and poultry meat, million cwt.; wheat, corn, oats, and barley, million 
bushels5 eggs, million hundred dozens. 
M^easured in I963-65 dollars. 
P^er capita consumption is in cwt., bushels and hundred dozens. 
Table 35» (Continued) 
Domestic 
Farm Total consump-
Region price demand tion 
NE 27.86 0.20 0.20 
AP 22.98 0.08 0.08 
SE 22.63 0,08 0.08 
DL 21.13 0.04 0.04 
GB 26.20 0.13 0.13 
LK 15.98 0.94 0.94 
NP 17.59 0.15 0.15 
SP 23.53 0.05 0.05 
MT 23.69 0.03 0.03 
PC 27.56 0.11 0.11 
US 19.89 1.79 1.79 
NE 15.83 58.40 60.39 
AP 15.56 17.89 17.89 
SE 15.12 17.92 17.92 
DL 15.09 7.02 6.94 
CB 14.08 38.56 38.56 
LK 14.30 18.68 19.18 
NP 14.51 4.79 4.79 
SP 15.26 13.92 13.92 
MT 15.74 8.58 8.58 
PC 16.61 30.14 30.11 
US 15.32 215.91 218.28 
Oonsump- Net exports 
tion per Inter- Inter-
capita Production regional national 
alves 
0.01 0.20 
0.01 0.08 - -
0.01 0.08 - — 
0.01 0.04 — -
0.01 0.13 - -
0.05 0.94 — -
0.03 0.15 - -
0.01 0.05 - -
0.01 0.03 - -
0.01 0.11 - -
0.01 1.79 - -
Hogs 
0.99 4.84 
- 53.57 - 1.98 
0.88 15.02 — 2,87 -
0.89 10.42 
- 7.50 — 
0.86 5.62 - 1.40 _ 
1.00 122.23 83.68 — 
0.99 18.68 - - 0.49 
0.92 27.71 22.92 -
0.90 7.34 - 6.58 -
0.89 3.20 
- 5.38 -
0.97 0.85 - 29.29 -
0.95 215.91 -
- 2.37 
Table 35» (Continued) 
Domestic Consump-  ^
Farm Total consump- tion per Inter- Inter-
Region price demand tion capita Production regional national 
Fluid milk 
NE 2.91 128.46 128.46 2.11 128.46 
AP 2.80 41.02 41.02 2.03 41.02 -
SE 2.17 42.00 42.00 2.08 42.00 -
DL 2.61 16.31 16.31 2.01 16.31 -
CB 2.34 82.30 82.30 2.14 82.30 -
LK 1.91 42.22 42.22 2.17 42.22 -
NP 1.96 11.03 11.03 2.12 11.03 -
SP 2.38 32.08 32. 08 2.08 32.08 -
m 2.82 19.62 19.62 2.04 19.62 -
PC 2.22 67.69 67.69 2.17 67.69 -
us 2.48 482.72 482.72 2.11 482.72 -
Manufactured milk 
NE 2.16 219.41 219.41 3.60 0.01 -219.41 
AP 2.13 64.89 64.89 3.21 0.01 - 64.89 
SE 2.12 64.31 64.31 3.18 0.01 - 64.31 
DL 2.12 24.95 24.95 3.08 - 0.01 - 24.95 
CB 2.00 136.09 136.09 3.53 — 0.01 -136.09 
LK 1.91 69.29 69.29 3.57 695.67 626.40 
NP 1.96 17.31 17.31 3.33 76.36 59.05 
SP 2.12 50.40 50.40 3.26 0,01 - 50.40 
MT 2.13 31.5^  31.5^  3.28 o.oi - 31.54 
PC 2.22 111.73 111.73 3.59 17.87 - 93.86 
US 2.10 739.93 789.93 3.45 789.93 -
Table 35« (Continued) 
Domestic 
Farm Total consump-
Region price demand tion 
NE 16.70 30.99 27.02 
AP 16.67 12.54 8.56 
SE 16.39 13.96 8.56 
DL 16.34 48.06 3.39 
CB 15.52 30.81 17.16 
LK 15.44 12.94 8.63 
NP 15.59 2.25 2.25 
SP 16.47 6.69 6.60 
MT 16.57 4.11 4.11 
PC 16.91 13.80 13.80 
US 16.27 176.14 100.08 
NE 1.29 192.02 129.79 
AP 1.27 69.70 43.01 
SE 1.23 47.08 42.85 
DL 1.24 253.59 17.17 
CB 1. 00 105.94 82.09 
m 1.16 74.85 41.13 
NP 0.94 11.07 11.07 
SP 1.04 416.44 32.87 
MT 0.90 30.54 20,54 
PC 1.49 295.14 65.86 
US 1.21 1486.38 486.38 
Oonsump- Net exports 
tion per Inter- Inter-
capita Production regional national 
Oils 
0.44 0.82 
- 30.17 3.97 
0.42 7.22 - 5.32 3.98 
0.42 9.91 - 4.05 5.39 
0.42 19.54 - 28.52 44.67 
0.46 97.08 66.27 13.65 
0.44 15.90 2.97 4.31 
0.43 15.36 13.11 -
0.43 5.88 - 0.81 0.09 
0.43 - 0.01 4.11 _ 
0.44 4.43 9.37 -
0.44 176.14 - 76.06 
Wheat 
2.13 - 0.01 
-192.03 62.23 
2.12 - 0.01 
- 69.70 26.69 
2.12 
- 0.01 
- 47.08 4.23 
2.12 
- 14.54 
-239.05 236.43 
2.13 320.08 214.14 23.85 
2.12 74.85 - 33.72 
2.13 319.88 308.81 — 
2.13 441.36 24.92 383.57 
2.14 20.43 - -
2.11 295.14 - 299.28 
2.12 1486.38 - 1000.00 
Table 35. (Continued) 
Domestic Consump- Wet exports 
Fann Total consump- tion per Inter- Inter-
Region price demand tion capita Production regional national 
NE 1.06 129.75 129. 
AP 1.03 43.04 43. 
SE 0.91 43.03 43. 
DL 0.91 17.24 17. 
CB 0.74 82.44 82. 
LK 0.92 41.28 41. 
NP 0.70 11.13 11. 
SP 0.84 32.94 32. 
MT 0.81 20.53 20. 
PC 1.12 66.10 66. 
US 0.95 487.48 487. 
NE 0.54 16.34 16. 
AP 0.53 5.42 5. 
SE 0.45 5.42 5. 
DL 0.44 2.17 2. 
GB 0.36 10.36 10. 
LK 0.45 5.19 5. 
NP 0.34 1.40 1. 
SP 0.41 4.14 4. 
MT 0.41 2.58 2. 
PC 0.68 8.29 8. 
US 0.49 61.29 61. 
Corn for food 
75 2.13 - 57.10 -186.85 
04 2.13 -206.53 
-249.57 
03 2.13 -170.40 
-213.43 
24 2.13 
-430.77 -448.01 
44 2.14 943.29 660.86 
28 2.13 
-157.78 -199.05 
13 2.14 447.18 436.05 
94 2.14 32.94 -
53 2.13 20.53 -
10 2.12 66,10 
-
48 2.13 487.48 -
Oats for food 
34 0.27 0.39 
- 15.95 
42 0.27 5.22 0.20 
42 0.27 5.42 — 
17 0.27 2.17 -
36 0.27 26.51 16.15 
19 0.27 5.19 
40 0.27 9.68 8.29 
14 0.27 4.14 _ 
58 0.27 2.58 — 
29 0.27 
- 8.29 
29 0.27 61.29 — 
Table 35. (Continued) 
Domestic Consurap- ® 
Farm Total consump- tion per Inter- Inter-
Region price demand tion capita Production regional national 
Barley for food 
NE 0.86 35.32 35.32 0.58 35.32 -
AP 0.87 11.71 11.71 0.58 11.71 -
SE 0.80 11.74 11.74 0.58 1.22 - 10.52 
DL 0.82 4.70 4.70 0.58 0.29 - 4.41 
OB 0.6? 22.61 22.61 0.59 22.61 — 
ÏK 0.74 11.33 11.33 0.58 11.33 -
NP 0.56 3.08 3.08 0.59 13.59 10.52 
SP 0.68 9.05 9.05 0.59 13.46 4.41 
MT 0.69 5.64 5.64 0.59 5.64 -
PC 0.88 18.01 18.01 0.58 18.01 -
US 0.79 133.18 133.18 0.58 133.18 -
Sheep and lambs 
NE 21.83 3.92 3.92 0.06 3.92 
AP 21.83 0.79 0.79 0.04 0.79 
SE 21.83 0.73 0.73 0.04 0.73 -
DL 21.83 0.24 0.24 0.03 0.24 -
CB 21.83 2.08 2.08 0.05 2.08 — 
IJC 21.83 0.99 0,99 0.05 0.99 -
NP 21.83 0.20 0.20 0.04 0.20 
SP 21.83 0.61 0.61 0.04 0.61 •• 
MT 21.83 0.39 0.39 0.04 0.39 -
PC 21.83 1.95 1.95 0.06 1.95 -
US 21.83 11.88 11.88 0.05 11.88 -
Table 35. (Continued) 
Domestic Consump-  ^
P'arm Total consump- tion per Inter- Inter-
Region price demand tion capita Production regional national 
Eggs 
NE 21.38 16,36 16.36 0.27 16.36 
AP 21.38 5.27 5.27 0.26 5.27 
SE 21.38 5.25 5.25 0.26 5.25 
DL 21.38 2.09 2.09 0.26 2.09 
CB 21.38 10.25 10.25 0.27 10.25 
LK 21.38 5.16 5.16 0.27 5.16 
NP 21.38 1.36 1.36 0.26 1.36 
SP 21.38 4.03 4.03 0.26 4.03 
MT 21.38 2.52 2.52 0.26 2.52 
PC 21.38 8.36 8.26 0.27 8.26 
US 21.38 60.64 60.64 0.27 60.64 
Chickens and turkeys 
NE 9.24 46.86 46.86 0.79 46.87 
AP 9.24 14.18 14.18 0.70 14.18 
SE 9.24 14.04 14.04 0.70 14.04 
DL 9.24 5.47 5.47 0.68 5.47 
CB 9.24 28.71 28.71 0.75 28.71 
LK 9.24 14.37 14.37 0.74 14.37 
NP 9.24 3.66 3.66 0.70 3.66 
SP 9.24 10.90 10.90 0.71 10.90 
MT 9.24 6.81 6.81 0.71 8.81 
PC 9.24 23.88 23.88 0.77 23.88 
US 9.24 168.88 168.88 0.74 168.88 
Table 36. Summary of equilibrium prices, production, consumption and net exports 
by consuming region, 1980 Solution 11^  
Domestic Consump- N2,t_ex£ort8 
Fram Total consump- tion per Inter- Inter-
Region price demand tion capita Production regional national 
Cattle 
NE 30.80 112.88 119.45 1.96 6.32 -106.57 - 6.57 
AP 30.59 33.53 33.53 1.66 27.21 - 6.32 -
SE 30.05 33.77 33.77 1.67 22.68 - 11.09 -
DL 29.73 13.52 13.01 1.61 21.02 7.51 0.51 
CB 29.51 75.16 75.16 1.95 113.67 38.51 -
LK 29.84 36.30 37.17 1.91 15.71 - 20.59 - 0,88 
NP 29.28 9.24 9.24 1.78 77.21 67.97 -
SP 29.30 27.45 27.45 1.78 27.45 - -
MT 28.29 17.45 17.45 1.81 60.71 43.27 -
PC 29.79 44.80 63.31 2.01 32.11 12.69 - 18.51 
US 30.02 4o4.09 429.53 1.88 404.09 - - 25.44 
F^or units of measure, see Table 35. 
Table 36. (Continued) 
Domestic 
Farm Total consump-
Region price demand tion 
NE 30.01 0.19 0.19 
A? 25.14 0.08 0.08 
SE 24.79 0.08 0.08 
DL 23.29 0.04 0.04 
CB 28.36 0.13 0.13 
LK 19.20 0.85 0.85 
NP 20.37 0.14 0.14 
SP 25.72 0.05 0.05 
MT 25.84 0.03 0.03 
PC 29.24 0.21 0.21 
US 23.14 1.78 1.78 
NE 20.29 53.44 55.98 
AP 20.03 16.42 16.42 
SE 19.58 16.46 16.46 
DL 19.55 6.44 6.35 
CB 18.55 35.77 35.77 
LK 19.15 16.96 17.61 
NP 18.97 4.42 4.42 
SP 19.73 12.82 12.82 
MT 20.21 7.89 7.89 
PC 21.08 28.00 27.98 
US 19.82 193.60 201.68 
Consump- Net exporte 
tion per Inter- Inter-
capita Production regional national 
Calves 
0.01 0.19 
0.01 0.08 
0.01 0.08 
0.01 0.04 
0.01 0.13 
0.04 0.85 
0.03 0.14 
0.01 0.05 
0.01 0.03 
0.01 0.21 
0.01 1.78 
Hogs 
VO 
o 
0.92 1.47 - 51.97 - 2.54 
0.81 3.65 - 12.78 
0.82 10.42 - 6.04 
0.78 5.62 - 0.82 0.09 
0.93 122.23 86.46 
0.91 16.96 - - 0.65 
0.85 27.71 23.29 
0.83 7.34 - 5.47 
0.82 3.20 - 4.68 
0 ,90  -  -  28 .00  0 .02  
0.88 198.60 - - 3.08 
Table ^6. (Continued) 
Domestic Consump-  ^
Farm Total consump- tion per Inter- Inter-
Region price demand tion capita Production regional national 
Fluid milk 
NE 3.25 127.27 127.27 2.09 127.27 -
AP 3.26 40.39 40.39 2.00 40.39 -
SE 2.57 41.49 41.49 2.05 41.49 .•» 
DL 3.02 16.10 16.10 1.99 16.10 -
CB 2.76 81.26 81.26 2.11 81.26 — 
LK 2.31 41.74 41.74 2.15 41.74 — 
NP 2.32 10.91 10.91 2.10 10.91 — 
SP 2.75 31.74 31.74 2.06 31.74 -
MT 3.05 19.53 19.53 2.03 19.53 -
PC 2.60 67.01 67.01 2.15 67.01 -
US 2.86 477.45 477.45 2.09 477.45 -
Manufactured milk 
NE 2.55 219.25 219.25 3.59 0.01 -219.25 
AP 2.53 64.86 64.86 3.20 0.01 - 64.85 
SE 2.52 64.26 64.26 3.18 0.01 - 64.26 
DL 2.51 24.93 24.93 3.08 - 0.01 
- 24.93 
CB 2.40 136.04 136.04 3.53 - 0.01 -136.04 
LK 2.31 69.26 69.26 3.57 628.90 559.64 
NP 2.32 17.33 17.33 3.33 68.40 51.06 
SP 2.52 50.32 50.32 3.26 0.01 - 50.31 
MT 2.50 31.57 31.57 3.28 0.01 - 31.57 
PC 2.59 111.93 111.93 3.59 92.44 _ 19.49 
US 2.50 789.75 789.75 3.45 789.75 — 
Table 36. (Continued) 
Domestic 
Farm Total consump-
Region price demand tion 
NE 22.94 31.54 24.43 
AP 22.91 14.83 7.70 
SE 22.63 17.37 7.71 
DL 22.58 83.06 3.05 
CB 21.76 39.98 15.52 
LK 21.68 15.52 7.81 
NP 21.63 2.04 2.04 
SP 22.51 6.13 5.97 
MT 22.61 3.71 3.71 
PC 22.95 12.52 12.52 
US 22.46 226.70 90.46 
NE 1.93 232.48 129.80 
AP 1.94 87.06 43.02 
SE 1.64 50.06 43.01 
DL 2.02 407.24 17.13 
CB 1.01 121.07 81.71 
LK 1.73 96.89 41.25 
NP 1.61 11.07 11.07 
SP 1.90 665.66 32.77 
MT 1.4o 20.61 20.61 
PC 2.20 444.21 65.90 
US 1.97 2136.35 486.35 
Conaump- Net exports 
tion per Inter- Inter-
capita Production regional national 
Oils 
0.40 5. 16 - 26.38 7.11 
0.38 14.36 - 0.47 7.13 
0.38 11.20 6.16 9.66 
0.38 22.51 - 60.55 80.01 
0.40 118.23 78.26 24.46 
0.40 20.80 5.28 7.71 
0.39 25.96 23.93 -
0.39 4.04 - 2.09 0.16 
0.39 0.01 - 3.72 -
0.40 4.43 8.09 -
0.40 226.70 - 136.24 
Wheat 
2.13 71.31 -161.17 102.68 
2.13 - 0.01 - 87.06 44.04 
2.13 50.06 - 6.97 
2.12 8.85 
-398.39 390.10 
2.12 0.01 -121.07 39.36 
2.12 165.38 68.49 55.63 
2.13 589.46 576.39 
2.12 665.66 — 632.90 
2.12 274.85 254,25 -
2.11 310.77 -133.44 378.31 
C
M
 r
H
 C
M
 
2136.35 - 1650.00 
Table 36. (Continued) 
Domestic Conaump- Wet, exports 
Farm Total consump- tion per Inter- Inter-
Region price demand tion capita Production regional national 
Corn for food 
NE 1.25 130.40 130.40 2.14 -179.62 -310.02 
AP 1.21 43.27 43.27 2.14 43.27 — 
SE 1.11 43.22 43.22 2.14 -181.39 -224.60 
DL 1.10 17.34 17.34 2.14 -882.08 -899.42 
CB 0.93 82.91 82.91 2.15 1366.59 1283.68 
LK 1.11 41.48 41.48 2.14 
- 74.67 -116.15 
NP 0.89 11.18 11.18 2.15 659.43 648.25 
SP 1.27 32.90 32.90 2.13 32.90 -
MT 0.96 20.65 20.65 2.15 20.65 — 
PC 1.40 66.32 66.32 2.13 
-315.43 -381.75 
US 1.16 489.67 489.67 2.14 489.67 -
Oats for food 
NE 0.73 16.40 16.40 0.27 16.40 
AP 0.71 5.44 5.44 0.27 5.44 — 
SE 0.67 5.42 5.42 0.27 5.42 — 
DL 0.66 2.18 2.18 0.27 2.18 -
CB 0.58 10.39 10.39 0.27 10.39 -
LK 0.67 5.21 5.21 0.27 5.21 -
NP 0.56 1.40 1.40 0.27 9.72 8.32 
SP 0.63 4.16 4.16 0.27 4.16 — 
MT 0. 60 2.59 2.59 0.27 2.59 -
PC 0.90 8.31 8.31 0.27 - - 8.32 
US 0.70 61.50 61.50 0.27 61.50 -
Table 36. (Continued) 
Domestic Consump- Net exports_— 
Farm Total consump- tion per Inter- Inter-
Region price demand tion capita Production regional national 
NE 1.17 
AP 1.13 
SE 1.12 
DL 1.18 
CB 1.43 
LK 1.06 
NP 0.88 
SP 1.04 
MT 0.95 
PC 1,26 
US l.kS 
NE 26.76 
AP 26.76 
SE 26.76 
DL 26.76 
CB 26.76 
LK 26.76 
NP 26.76 
SP 26.76 
MT 26.76 
PC 26.76 
US 26.76 
Barley for food 
34.58 34.58 0.57 34.58 -
11.50 11.50 0.57 11.50 -
11.48 11.48 0.57 3.30 — 8 # 18 
4.58 4.58 0.57 0.39 - 4.18 
21.43 21,43 0.56 21.43 — 
11.09 11.09 0.57 11.09 -
3.01 3.01 0.58 11.19 8.18 
8.83 8.83 0.57 13.02 4.19 
5.54 5.54 0.58 5.54 -
17.55 17.55 0.56 17.55 -
129.58 129.58 0.56 129.58 -
Sheep and lambs 
2.45 2.45 0.04 2.45 — 
0.30 0.30 0.02 0.30 — 
0.25 0.25 0.01 0.25 — 
0.04 0.04 0.01 0.04 — 
1.15 1.15 0.03 1.15 — 
0.54 0.54 0.03 0.54 -
0.07 0.07 0.01 0.07 -
0.25 0.25 0.02 0.25 — 
0.16 0.16 0.02 0.16 
1.24 1.24 0.04 1.24 -
6.45 6.45 0.03 6.45 — 
Table 36, (Continued) 
Farm Total 
Region price demand 
NE 28.92 15.64 
AP 28.92 5.03 
SE 28.92 5.01 
DL 28.92 1.99 
CB 28.92 9.79 
LK 28.92 4.93 
NP 28.92 1.30 
SP 28.92 3.85 
MT 28.92 2.40 
PC 28.92 7.99 
US 28.92 57.94 
NE 12.43 44.41 
AP 12.43 13.36 
SE 12.43 13.22 
DL 12.43 5.15 
CB 12.43 27.17 
LK 12.43 13.62 
NP 12.43 3.46 
SP 12.43 10.28 
MT 12.43 6.42 
PC 12.43 22.70 
US 12.43 159.79 
Domestic Consump-
consump- tion per 
tion capita Production 
Eggs 
15.64 0.26 
5.03 0.25 
5.01 0.25 
1.99 0.25 
9.79 0.25 
4.93 0.25 
1.30 0.25 
3.85 0.25 
2.40 0.25 
7.99 0.26 
57.94 0.25 
Chickens and turkeys 
44.41 0.73 44.41 
13.36 0.66 13.36 
13.22 0.66 13.22 
5.15 0.64 5.15 
27.17 0.71 27.17 
13.62 0.70 13.62 
3.46 0.66 3.46 
10.28 0.67 10.28 
6.42 0.67 6.42 
22.70 0.73 22.70 
159.79 0.70 159.79 
Net exports 
Inter- Inter­
regional national 
15.64 
5.03 
5.01 
1.99 
9.79 
4.93 
1.30 
3.85 
2.40 
7.99 
57.94 
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Table j?. Land rents by areas, measured in 1963-65 dollars 
Cropland rent Hay land rent Wild hay land rent 
Area Sol. I Sol. II Sol. I Sol. II Sol. I Sol. II 
($ per acre) 
1 1.18 4.20 — -
2 .38 2.23 - -
3 - 4.59 - -
4- — — — -
5 — 2.11 — 
6 - 3.61 .80 1.65 
7 — — 1.29 2.60 
8 .16 5.29 - -
9 - 2.23 .32 1.07 
10 • — 3.34 - -
11 .55 3.36 .78 2.01 
12 1.22 5.40 1.52 2.75 
13 - .78 — .71 
14 .71 5.23 - -
15 - 2.57 .20 .17 
16 .08 3.81 .15 
17 .26 5.10 __ 
18 - .90 — — 
19 - - — — 
20 — _ 
21 — 4.46 • 02 
22 .26 7.66 1.76 1.02 
23 — 4.20 — — 
24 1.81 9.43 .81 .17 
25 .01 3.59 • 96 1.09 
26 
- 2.17 - .05 
27 - 5.10 — 
28 - 4.19 — 
29 - 4.30 — — 
30 1.47 6.73 - -
31 .24 5.17 - .75 
32 .42 5.53 .58 .54 
33 .81 6.79 .76 .65 
34 - 5.30 2.33 2.41 
35 1.82 8.41 1.14 1.17 
36 .11 5.58 .49 .15 
37 - 2.73 — 
38 .81 6.37 • 
39 1.37 7.26 1.52 1.82 
40 1.54 8.17 1.78 1.62 
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Table 37• (Continued) 
Cropland rent Hay land rent Wild hay land rent 
Area Sol. I Sol. II Sol. I Sol. II Sol. I Sol. II 
($ per acre) 
41 .12 5.39 1.82 1.62 
42 
43 - 1.54 .30 .95 .26 .69 
44 
.99 2.57 .16 — .26 
45 - 1.08 1.88 2.89 .80 1.35 
46 1.70 5.60 — _ .14 
47 1.83 6.18 — -
.73 1.33 
48 
.57 2.17 — .04 .07 .49 
49 - .70 — .04 .12 
50 - .41 .29 1.16 .41 .83 
51 - 1.12 - .30 .19 .58 
52 - 1.13 - - .09 .43 
53 - 1.98 — - .01 .27 
54 - 1.85 — - .13 .42 
55 .37 3.69 — - .03 
56 .20 1.85 — .27 
57 .25 3.54 — 
58 .50 2.69 — — 
1.42 6.74 .26 — .26 
60 .11 2.23 — « .01 
61 .30 4.39 — .38 
62 .18 5.21 
.05 4.53 — M 
64 .01 2.39 .04 
.04 2.52 — 
66 - — 
.46 2.06 
67 .80 3.68 — .21 1.13 
68 .25 2.70 — _ 
69 .67 3.10 — - — 
.76 
70 - - .50 2.52 — 
71 - 1.78 — — 
72 - -
.58 2.62 _ 
73 — 1.49 — 
74 .31 2.45 — — _ 
75 .37 2.32 — .46 
76 - 1.94 — « 
77 - 1.62 — 1.73 
78 - - — 
79 - 1.78 - — 1.89 3.61 
80 - 1.20 - - - .08 
138 
Table 37* (Continued) 
Cropland rent Hayland rent Wild hayland rent 
Area Sol. I Sol. II Sol. I Sol. II Sol. I Sol. II 
($ per acre) 
82 .02 2.86 -  -  -  .57 
83 - .96 .15 .50 .09 .23 
84^  — 2.55 — — — — 
85 - 2.45 - - .05 
86 — . 67 — — — — 
87 .97 - - .19 .33 
88 - - .57 .95 .03 .17 
89 — . 09 — — — — 
90 - .27 - .45 - .02 
91 ~ .67 — — — .08 
92 .30 2.36 .20 .60 .09 .26 
93 - - - - -
94 - - 3.39 3.85 
95 .35 2.05 - -
9 6 — — — — — — 
97 - . 24 — - — — 
98 3.09 5.97 - - .62 .94 
99 - - 1.42 3.65 .52 .85 
100 - - 1.39 3.72 .87 1.14 
101 -7 — — — — — 
102 2.42 4.84 - .14 .02 .29 
103 .22 2.02 - - .45 .73 
